
MIXED QUATERNARY LXMONtUJI COMPOUSDS. 767 

LIIL--The Actionn of Heat 09% the Chloyides and Eydrozides of 2C1;xerl 
Quaternary Ammonium C o n ~ p o u ~ d s .  

By N. COLLIE, Ph.D., and S. B. SCHRYVER, B-Sc. 

THE object of the fdlowang work was to obtain, if possible, a, 
general method for preparing the mixed tertiary amines. One of u s  
(Collie, Trans., 1r888, 714-726) bas found tha t  by the action of heat 
upon the quaternary phosphonium compounds various mixed tertiary 
phosphines could be prepared, and the following results show dis- 
tinctly a marked analogy between the compounds of nitrogen and 
those of phosphorus. 

Hofmann has already pointed out tkat when the hydroxides of 
mixed quaternary ammonium compounds c oii tai ning e t h yl-grou ps 
are heated, invariably one sf  #+he .ethyl-groups is eliminated ill 
the form of ethylene (Hofmann, AnyhaZen, 78, 282-284, and 79, 
12-15) :- 

And Lossen (Arznalen, 81, 376-383) confirms the results of Hof- 
mann with regard to the action of heat on the mixed etliylmethyl- 
ammonium hydroxides. 

He has also tried the action of heat on some of the corresponding 
chlorides with the following results :- 

(CZH5)3(C&)~C1 = (Czl3,)2(CH,)N + C,&CI, 

(C2Hs) (CJ&),NCZ = (CJ&)(C%)zN + CH3CI- 
also (C,H,),N + CH3C1. 

But none of the mixed tertiary amines thus prepared was obtained 
in the pure state ; both Hofmann and Lossen being content t o  con- 
vert them back again into quaternary ammonium compounds: and 
andyse the platinum salts. 

There was therefore, no doubt that mixed tertiary amines could 
be prepared both from the  hydroxides and chlorides of the mixed 
quaternary ammonium compounds, and a wider field for investigation 
was opened with the ammonium compounds than with the corre- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
90

. D
ow

nl
oa

de
d 

by
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
N

ew
 Y

or
k 

at
 S

to
ny

 B
ro

ok
 o

n 
30

/1
0/

20
14

 1
2:

01
:4

9.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/ct8905700767
http://pubs.rsc.org/en/journals/journal/CT
http://pubs.rsc.org/en/journals/journal/CT?issueid=CT1890_57_0


7(23 COLLIE AND SCHRTVER: THE ACTION OF HEAT 

sponding phosphoniizm-derivatives. F o r  the quaternary phosphonium 
chlorides alone yielded mixed tertiary phosphines when decomposed 
by heat :- 

(C,JL-),(C5H,JPC1 = (C,H&(C5HIl)PHC1 + C 3 4 ,  

whilst the hydroxides, owing to the great affinity of phosphorus 
for oxygen, always gave tertiary phosphine oxides :- 

(C2HS),(C;H,)N*OH = (CZH,),PO + CTH,. 

In  the present work, we have always used as a Rtarting point 
either trimethylamine or triethylamine, and from these tertiary 
amines we have prepared the  quaternary ammonium compounds by 
heating an alcoholic solution of the amine wit,h the iodide or chloride 
O F  primary, secondary, or tertiary hydrocarbon radicles of the 
C:,LH2n+l series. The action of heat on the quaternary ammonium 
compounds containing the radicles allyl, benzyl, and phenyl has also 
been studied. 

The trimethylamine and triethylamine were prepared by the action 
of heat on tetramethylammonium and tetret~hylarnmonium chlorides ; 
these salts decompose quantitatively when heated as follows :- 

RJTC1 = RJN + RCl. 

The free amine was collected in hydrochloric acid, and the hydro- 
chlorides thus obtained were concentrated to the consistency of a 
syrup. Portions of t,he salt were decomposed from time to time with 
saturated caustic sods solution, and the free tertiary amine distilled 
into dry alcohol. 

I.--IMIxED QUATERNARY AMMONIUM CONPOUNDS PRODUCED FROM 

TRlME'l'H'I'LA3lINE. 

T h e  Action of Heat oqa T r i m e t h y l e t h y l a m m o n i u m  Chloride.  

This saIt was prepared from a strong alcoholic solution of tri- 
methylamine by adding ethyl iodide, and converting the iodide thus 
formed into the chloride. An analysis of the iodide was made 
(iodine found 591  and 53.9 per cent. ; theoretical iodine = 59.0 per 
cent.). A small quantity of the chloride was also converted into the 
platinum salt and analysed (platinurn) found 3'3.1 per cent.; theo- 
retical, 33.3 per cent. Pt). The action of heat on this mixed chloride 
has already been tried by Lossen, who found that it decomposed as 
follows :- 
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ON MIXED QUATERNARY A;ICIJlONIUJf COMPOUKDS. 7(il) 

We were, however, anxious to obtain, if possible, the mixed 
tertiary amine pure, and so repeated his experiment. 

A preliminary experiment was first tried with 4.3 g m m s  of tlie 
solid chloride. A t  a temperature above 300' the salt decomposed 
without fusion. The products were passed into a U-tube containing 
hydrochloric acid (to absorb the amine) and the gas which was also 
evolved was collected above mercury. 800 C.C. were obt$ained, tlie 
theoretical amount being about 790 C.C. This gas was evidently 
a chloride, for it burnt with a green flame, and on shaking with water 
slowly dissolved. An analysis showed that it was not pure mctlryl 
chloride, but contained probably ethyl ehloride as well, for 10.2 ex. ,  
after explosion with oxygen, gave 11.5 C.C. of carbon dioxide. 

A much larger quantity of the chloride was then subjected to the 
action of heat. The free amines were absorbed in hydrochloric acid, 
and the solution of the hydrochlorides were evaporated over a water- 
bath nearly to dryness. The resulting liquid was then transferrcd 
to a distilling flask, and a saturated solution of caustic soda addotl. 
a n  oily liquid separated, which by a very gentle heat was distilled over 
into a fractionating flask containing solid caustic soda, and sarroundctl  
with ice. On fractionating, the dry amines were split into three 
portions :- 

I. Under 2 5 O ,  nearly pure trimethylamine. 
11. From 25" to 45', a mixture of trimethylamine and dimcthyl- 

et hy lamine. 
111. From 45" to 49', nearly pure dimethylethylamine. 

These three fractions were examined in the following way :- 
I. Ethyl iodide was added to the alcoholic solution of the amine 

and the trimethylethylammonium iodide was amlyaed (iodine found 
59.1 per cent. ; theoretical iodine = 5 9 4  per cent.). 

11. This fraction (about 9 grams) was added to an alcoholic solu- 
tion of 3 grams of ethyl iodide. By thus using a quantity of ethyl 
iodide only sufficient to combine with a sinall portion of the arnine, it 
was thought that a separation of the two amines (dimethylethylamii ,e 
and trimethylamine) might be effected, the iodide of ethyl probably 
uniting with the trimethylamine most readily. This was found to 
be the case. After the unacted on tertiary amines had been recoveretl 
and dried, on rcfractionating them, a, further quantity was obtained 
boiling from 45-50'. 

111. The third fraction was mixed with the portion boiling from 
45-50' obtained from fraction IJ, and rec?ist,illed. The part which 
boiled from 45-47' was analysed and proved to be dimethylethyl 
nmine :- 
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7'70 COLLIE AND SCHRYVER : THE ACTION O F  HEAT 

0.2455 gram substance gave 0.5945 gram CO, and 0.337 gram R?O. 
0.240 gram substance i ave  40.1 C.C. of nitrogen at 14" and 752 mnl. 

Found. 
7 Cahla t ed  fo r  (----h-- 

(CH,) .( C,H,) N. I. 11. 
- c ......... 65.75 66-04 

H . .  ....... 15.07 15.25 
........ 19.41 M .  19.E7 - 

- 

This boiling point (45-47" (7.) differs froin the boiliug point 
(f39-41" (7.) of the specimen of dimethylethylamine prepared from 
triethylamine (see p. 780). The remainder, therefore, of this thircl 
fraction was again carefully dried and distilled ; eventually nearly the 
whore was found t o  boil between 42-43'C., from which we alme 
inclined to believe tha t  the true boiling point lies about 40-42" C. 

The decomposition, therefore, of the Lrirnethylethylammoninm 
chloride, although yield'ing substantially the  mixed' tertiary amine, 
still gives a t  the same time trimethylamine :- 

(CH,),(C,H,)NCl = (CH3)2(C2H5)N + C'H,Cl, 
(CH,),(C2E,)NCl = (CHJ,),N + C,H,C1. 

This result differs from that obtained by Lossen, who gives as thc! 
products of decomposition only dimethylethylamine and methyl 
chloride. 

The Action of Heat on  .the Tr&mthyletthyJam.mo~um, Wydroeide. 

This compound Lossen has shown to deca>mpose into. water, 
ethylene, and trimethylamine. But after the results obtained with thc 
chloride, we tholught it worth while to repeat this experiment. 

The hydroxide was prepared from the  iodide by treating an aqueous 
solution of the salt with oxide of silver. After evaporation over a 
water-bath, the hydroxide was submitted to the action of heat in an 
ordinary distilling flask, connected with the apparatus which we in- 
variably used during this work, namely, a U-tube filled with hydro- 
chloric acid to absorb the free amine, and surrounded with cold water ; 
and a gasometer t o  collect any gas which might be formed during 
the experiment. The hydroxide did not decompose till the tempera- 
ture had risen above 200"; a large: quantity of gas was produced 
-which proved to be pure ethylene. It burnt with a luminous flame 
alld was completely absorbed by bromine, giving dibrome thylene 

The solution of the tertiary amine in hydrochloric acid was then 
evaporated nearly to dryness, and the concentrated solution treated 
Iyith a saturated solution of caustic soda. The free base thus 

(b. p. 131-132'). 
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ON MIXED QUATERNARY AJI3IOSIUJI C O M P O U m .  7 7 1 

liberabed was distilled over into dry alcohol, and on addition t o  this of 
ethyl iodide, a precipitate was a t  once obtained. This salt was con- 
verted into tIhe platinichloride, and from the analysis was shown to 
be pure iodide of trimethylethylammoninm :- 

Pt in 0.6014 gram salt gave 0.2036 gram Pt = 33.35 per cent. 
[(CH,),(CzH5)NC1]zPtCl~ = 33.38 per cent. 

Hence the decomposition of the base may be represented by the 
equation :- 

(CH,>,(C,H,)N-OH = (@H,),N + HzO f C2W4. 
This result agrees with that obtained by Lossen. 

Action of Heat o n  the Chloride mzd Hydi-oxide of Trimethylpropyl- 
a nznzonium. 

The chloride was produced by heating in a sealed tube chloride oi' 
propyl and a s t rong alcoholic solution of t~imet~hylamine. The con- 
tents of the sealed tube, on evaporation over a, water-bath, left x 
deliquescent mass, which was dissolved in  water and treated with 
silver oxide ; this solution smelt of trimethylamine, which had prob- 
ably been formed by the propyl chloride being decomposed into 
hydrochloric acid and propylene :- 

(CH,),N +- C,H,C1 = (CH,),NHC"l + C,H,. 

The whole of the contents of the tube were therefore treated with 
oxide of silver and the solution evaporatpd to  drive off the free tri- 
methylamine. After filtering, one half w a s  neutralised with hydro- 
chloric acid, and the other half wss decomposed by the actionof heat. 
A small portion of the chloride was converted iiito the platinichloride 
by adding excess of chloride of platinum and alcohol, and the precipi- 
tated salt was washed with alcohol and ether and analysed without, 
recry st allisin g. 

0.303 gram salt gave 0,096 grain Pt = 31-68 per cent. Pt i n  
[(CH,),( C,H,)NCl],PtCl, = 31-86 per cent. 

The remainder of the chloride was evaporated to dryness, and 
heated in a flask connected with the usual apparatus for collecting 
the free amine and also any gas which might be formed. 

Chloride of methyl collected in the gasometer and a few drops of 
a liquid, presumably chloride of propyl, were noticed in the hydro- 
chloric acid. The free tertiary amine, which was obtained from this 
hydrochloric acid solution, was converted by means of methyl iodide 
into the quaternary ammonium compound and directly anstlyscd. 
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772 COLLIE AND SCHRYVER: THE ACTION OF HEAT 

N 
10 

0.5525 gram took 26.936 C.C. - AgNO, solution = GI:92 per cent. 

iodine. 
Calculat rd for  

r------- 7 
(CLI,), (C3H;)NI. (CH,),NI. Found. 

Iodine . . . . . . 55.45 63-18 61.92 

thus proving that the decomposition took place in probably two 
ways :-- 

( C H j ) ~ ( C ~ € I ~ ) ~ C 1  = (CH,),N + C,HiCl, 
(CH,),(C3H,)NC1 = (CH,),(C:jHi)N + CH,Cl. 

The action of heat on the hydroxide yielded nearly the same re- 
sults. A gas was produced which was completely absorbed b ~ -  
bromine, yielding a liquid which was not pure clibromethylcne 01- 

dibromopropylene, its boiling point rising steadily from 130" to 140'. 
The hydrochlorides of the tertiary amine were converted into the 
quaternary ammoriium compound by treatment with methyl iodide 
and the salt analysed. 

N 0.5315 gram sait took 25.74 C.C. - AgNO, = 61.51 per cent. iodine, 
10 

Showirig that in  this case, as well as in that of the chloride, the 
chief product of the reaction was trimethylamine, while small  
quautities of dimethylpropylarriine were also formed. Owing to the 
s111all quantity of the free dirnethylpropylamine which we obtained, 
we were unable to get it in a pure state. 

The ActioTL of Heut on the Chloride and Hydroxide 0-f !l'ri?nethyliso- 
y ropy lammoniunz. 

Isopropyl iodide (prepared from glycerine) was added to  a solution 
of trimethylamine, in alcohol; after a short time, white, needle- 
shaped crystals of iodide of trimethylisopropylammonium iodide 
separated ; in  order to complete the reaction the solution was finally 
warmed. The aqueous solution of this iodide when treated with 
oxide of silver gave free trimethylamine, and in this respect re- 
sembled the salt obtained in the previous experiment with propyl 
chloride and trimethylamine ; the whole was therefore treated with 
oxide of silver. The excess of trimethylamine was boiled off and part 
of the hydroxide was reserved for heating, whilst part was rieutralibed 
with hydrochloric acid to form the chloride. 

An  analysis of the platinichloride gave the following nunhers :- 

0.4555 gram salt gave 0.1460 gram Pt = 32.05 per cent. Pt in 
[(CH,),( C3H7)NC'112PtCl, = 31.86 per cent. 
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ON MIXED QUATERNARY AMMONIUM COMPOUNDS. 7 7 3  

The chloride, on heating, decomposed yielding a gas which was not 
pure chloride of methyl, as about 2 per cent. was absorbed by 
bromine. The free amine mas 
treated in the usual manner with methyl iodide and then converhed 
into the platinichloride :- 

Chloride of propyl was also formed. 

0.135 gram salt gave 0,0461 gram P t  = 34.14 per cent. 

Calculated for 
r-------------- 7 
[ (CH,),NCl],PtCl,. [(CH,), (C3H7) NCllPtCl,. Found. 

Pt.. ...... 35.07 31.86 34-14! 

The salt therefore decomposes as follows :- 

(cH,),(C3H,)NC1 = (CH,), N + C3H7CL 
(CHtl,),(C3H,>NCl = (CH,),(Ctl,H,)N + CH3C1. 

The hydroxide decomposes in a similar manner. Propylene was 
formed, mixed with traces of ethylene. And the tertiary amines, 
when converted into iodides and then into plstinichlorides of the 
quaternary ammonium compounds, gave on analysis :- 

0.4262 gram salt gave 0.1496 gram Pt = 15.10 per cent. Pt, 
which showed that the decomposition was almost completely into tri- 
methylamine, &c. :- 

(CH3)3(C&,)N*OE= (CH3)3N + C J L  + HA). 

The Action of Heat o n  the Chloride and Hydroxide of Trimethylisobutyl- 
ammonium. 

The chloride of trimethylisobutylammonium was prepared by 
heating isobutyl chloride and an  alcoholic solution of trimethylamine 
in  a sealed tube. A small portion of the salt thus obtained, when 
treated wi th  oxide of silver, gave a trace of free trirnethylamine. 
Isobutyl chloride there fore resembles the halo'id compounds of propyl 
when heated with trimeth ylamine, being decomposed into butylene 
and hydrochloric acid. 

The whole of the chloride obtained from the sealed tube reaction 
was converted into the liydroxide and evaporated over the water-bath 
to purify it from the hydrochloride of trimethylamine. It was then 
divided into two halves ; one was neutralised with hydrochloric acid, 
and the other was decomposed by heat. 

A small quantity of the chloride was converted into the platinum 
double chloride and analysed :- 

0.156 gram salt gave 0.0475 Pt = 30.45 gram per cent. P t  in 

VOL. LVII. 3 F  
[ (CH,),(C,H,>NCl],PtCl~ = 30.46 per cent. 
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7'74 COLLIE AND SCHRYVER: THE ACTION OF HEAT 

The remainder was evaporated to dryness and heated; it decom- 
posed at a low temperature (below 200") and yielded a considerable 
quantity of methyl chloride. The solution of tertiary arnines in 
hydrochloric acid was treated with caustic soda and the nmines dis- 
t(i1led into alcohol. Methyl iodide was then added, and the iodides 
were converted into the platinichlorides. The platinum salt was 
fractionally crystallised. 

Fraction 1.-0.3019 gram Pt salt gave 0.0932 Pt = 30.83 per cent. 
Fraction 11.-0.2837 gram Pt salt gave0.0871 Pt = 30.70 per cent. 

Pt in [(CH3)3(C4Hg)NC1],PtC1, = 30.46 per cent. 

The decomposition is, therefore, almost wholly into the mixed amine 
and methyl chloride, 

(CH3)3(C,Hg)NC1 = (CH,),(C,Hg)N + CH3Cl. 

It may be mentioned that the chloride of trirnet hylisobutylammo- 
nium seems to be decomposed slightly when boiled with caustic soda 
solution ; free dimethylisobutylaniine is formed, and can be recognised 
by its smell. 

The hydroxide seems to decompose in a manner analogous to the 
chloride; only traces of a permanent gas are formed, which are 
absorbed by bromine, while the tertiary amine was proved to be 
dimethylisobutylamine. 

The tertiary amine was treated with methyl iodide and then con- 
verted into the platinum double chloride and analysed. 

0.423 gram salt gave 0.130 gram Pt = 30.73 per cent., and the 
following equation represents the decomposition :- 

(CH3)3(CaHg)N*OH = (CH,),(C,Hg)N + CH,*OH. 

The Action of Heat on the Chloride and Hydroxide of Trirnethylisoarnyl- 
ammonium. 

When isoamyl chloride and alcoholic solution of trimethylmiine 
are heated together to 120" in a sealed tube, complete combination 
occurs, and on cooling, the tube is filled with a white, crystalline 
mass. A sample was converted into the double platiriichloride and 
analysed. 0.4750 gram gave 0.1380 gram Pt = 29.0 per cent. 
Pt i n  [(CH3)3(C5H,l)NCl],PtC1, = 29.1 per cent. The chloride itself 
is a white, deliquescent solid, which, when heated to a temperature 
above 2G0°, decomposes into methyl chloride and the mixed tertiary 
amine, 

(CE3)3( C,H,i)NCl = (CH3)2( CsHii)N + C&Cl. 

After the free amine had been liberated from the hydrochloride 
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ON MIXED QUATERKARY AMMONIUM COMPOUNDS. 775 

and dried over solid caustic soda, it nearly all boiled between 113" 
and 114". 

0,137 gram substance gave 0.368 gram GO, and 0.188 gram H,O. 
0.231 gram substance gave 24.5 C.C. nitrogen at 14' C. and 742 mm. 

An analysis gave the following numbers :- 

Found. 
7 Calculated for --L- 

(cH3)2 (C5Hll) N* I. 11. 
C ........ 73.04 73-25 
H. .  ...... 14.78 15.27 - 
N ........ 12-17 - 12.17 

- 

As there were only traces of trirnethylamine formed, the decomposi- 
tion of this chloride of trimethylamylammonium seems to  be almost 
completely into methyl chloride and the mixed tertiary amine. 
T tie decomposition of the hydroxide is, however, different, for only 

a very small qnantity of gas was produced when the hydroxide was 
heated, while an oily liquid condensed in  the hydrochloric acid tube 
used for absorbing the tertiary amine. This liquid possessed the 
smell of amglene, and boiled almost a t  ordinary temperatures ; i t  was 
treated with bromine, and the dibromide thus produced boiled with 
decomposition between 173" and 180". This happens with the 
amylene obtained from fuse1 oil, the bromide boiling from 170" to  
180" with partial decomposition. 

The hydrochloric acid solution of the tertiary amines was evapo- 
rated, and then treated with concentrated solution of caustic soda ; a 
large quantity of trimethylamine was liberated, which was boiled off, 
leaving only a very small amount of the mixed tertiary amine. The 
ainine was extracted with ether and fractionated ; only a vcry small 
quantity was obtained boiling from 110" to 115". This was treated 
with methyl iodide and converted into the platinum salt. The per- 
centage of platinum found was 29-0, while the amount required by 
theory is 29.1. Heiice the reaction is chiefly 

(CH3)3(C5Hii)N*OH = (CH,),N + C,Hio + Hz0, 

while a small quantity decomposes as follows :- 

(CH,)3(C,H11)N*OH = (CH,)Z(C,H,i)N + CH,*OH* 

As a considerable amount of the  dimethylamylamine had been ob- 
tained, an  attempt was made t o  unite it with another molecule of amyl 
chloride, but even after heating for many hours at 120", no combina- 
tion occurred. The iodide of nmyl was, therefore, employed, but even 
then the substances had to be heated in  a sealed tube beforecombina- 
tion would take place. The contents of the sealed tube was converted 
into the chloride, and a small portion precipitated with platinum 
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7'76 COLLIE AND SCHRYVER: THE ACTION OF HEAT 

chloride. This salt melted below the temperature of boiling water, 
but could be dissolved in boiling water. On recrystallisation, it 
proved by analysis to be the dimethyldiamylammonium platini- 
chloride. 

0.210 gram substance ga re  0.053 gram Pt = 25.23 per cent. 

The remainder of the cblaride was heated. It was found t o  decom- 
pose into methyl chloride $and diamylmethylamine, which latter sub- 
stance, after treating with methyl iodide and being converted into t,he 
platinum salt, gave 25.38 per cent. Pt, showing that the decomposi- 
tion was similar to that (of the ciimethylamylamnlonium chloride, and 
is represented by the following equation :- 

Pt in [(CH,),(C,H,,~,NCl],PtCl~ = 25 00 per cent. 

(CH,),(C,Hii)i"1 z= (CbHii)z( CH,)N + CH,C1. 

The Actiort of Heat om the Chloride and Hydroxide o j  Ta*iniefhylallyl- 
an L moniuw . 

When ally1 iodide is added t o  an alcoholic solution of tyimethyl- 
nmine, the reaction takes place inimediately. The iodide thus formrd 
is a deliquescent solid, which is easily soluble both in alcohol and in 
wat\er. 

The solution of 
the hydroxide was divided into two portions; one was neutralised 
with hydrochloric acid, and the other half evaporated to dryness and 
heated. 

The decomposition of the  base did not, however, yield very satis- 
factory results. The chief tertiary arnine produced was undoubtedly 
trimethylamine, while the allyl radicle was decomposed, yielding con- 
siderable quantities of acrolein, which was recogriised by its smell 
and the power i t  possessed of reducing a silver solution. A very 
small yiiantlity of dimethylallylamine was, however, formed, for  after 
treating with methyl iodide and converting in the usual manner into 
the platinichloride, it gave tho followimg resnlt :- 

0.1602 gram substance gave 0.514 gram Pt = 32.08 per cent. 
Pt in II(CH,),(C,H,)NCl],PtCI, = 32.07 per cent. ; the chief 
reaction is therefore 

It was converted cornpletely into the hydroxide. 

( C,H,)N*OE = (CH,),N 4- C,H,*OH, 

and at  the kemperature at which the decomposition took place the 
allyl alcohol was decomposed, yielding acrolein amongst other pro- 
ducts. The action of heat QII the chloride yielded a similar result, 
only traces of the mixed tertiary amiue were formed. 
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ON MIXED QUATERNARY AMJIONIUM COMPOUNDS. 777 

Both in the case of the chloride and the hydroxide, the tertiary 
amine produced was almost entirely trimethylamine, the ally1 radiclc 
being almost entirely destroyed during the reaction. 

The Action of Heat on the Chloride and Hydroxide of Tertiary Amyl- 
trimet lz y larnmonium. 

Trimethylamine in alcoholic solution was heated with chlorodi- 
methylethylmethane ; no combination, however, was found to occur, 
even after prolonged heating at 130". The iodide was therefore sub- 
stituted for the chloride. The iodide of amyltrimethylammonium 
which was produced was converted into the corresponding hydroxide 
with silver oxide, and the solution divided into two halves ; one was 
directly subjected to the action of heat, the other was neutralised with 
hydrochloric acid and then decomposed also by heat. 

I n  both cases the chief product of the decomposition was trimethyl- 
amine ; only traces of the mixed amine was formed. In  this respect 
the tertiary amyltrimethylarnmonium compounds differ from the 
isoamyl compounds obtained from trimethylamine and amyl iodide 
prepared from fuse1 oil. The trimethylamine produced by the 
decomposition of these compounds was identified by conversion into 
te tramethyl ammonium platinichloride. 

The Action of Heat o n  the Chloride and Hydroxide of Tt-iinethylphenyl- 
ammonium. 

The trimethylphenylammonium iodide was prepared from di- 
methylaniline and methyl iodide, and not directly from trin~ethyl- 
amine. An analysis was made of the salt. Iodine found = 48.2 
per cent. 

The chloride of trimethylphenylammonium is a deliquescent solid. 

0.1920 gram substance took 9.976 - AgNO, = 18.4 per cent. C1. 

Iodine in (cH3)3(G6H5)NI = 48.3 per cent. 

10 
N 

Chlorine in (CH,),(C,H,jNCl = 18.5 per cent. 

This salt, when subjected to the action of heat, decomposed quan- 
titatively at  a temperature much above 300" into methyl chloride and 
dimethylaniline, b. p. 190-192, 

CH,Cl, 

while the hydroxide gave exactly similar results, only the mixed 
tertiary amine was formed, 

(CH,),(C,H,)N*OH = (CH,),(C,H,)N + CH,*OH. 
3 v ' L  
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The Action of Heat on the Chloyide and Hydroxide of Trimeihylbenzyl- 
ammonium. 

If beneyl chloride is added to a strong alcoholic solution of tri- 
methylamine, the reaction is extremely energetic, and when the 
mixture cools crystals of trimethylbenzylammonium chloride separate 
from the solution. A small quaiitity was converted into the platini- 
chloride and analysed. 

0.5985 gram substance gave 0.1635 gram Pt = 27-41 per cent. 
P t  in [(CH,~(C7H7)NC1]2PtCl~ = 27.54 per cent. 

The chloride, when heated to a temperature slightly above 300", 
decomposes. yielding both gaseous and liquid products. The gas 
consisted chiefly of methyl chloride, but a liquid was also formed 
which collected in  the U-tube used for condensing the tertiary 
nmines. 

After separation from the hydrochlorides of the amines, this liquid 
was found to boil at  175-177", and from its properties and boiling 
point was benzyl chloride. 

The hydrochlorides were evaporated almost to dryness, and treated 
with concentrated caustic soda solution ; an oily layer a t  once sepa- 
rated which, on warming, yielded a considerable amoiint of tri- 
methylamine, but there also remained behind a layer of the dimethyl- 
benzylamine. This substance was extracted with ether, dried, and 
distilled. After one distillation i t  boiled between 178" and 179" 
(corrected). 

On analysis- 

0.2785 gram substance gave 24.0 C.C. nitrogen at  12" C. and 

0.2885 gram substance gave 0.8450 gram CO, and 0.2545 gram 
759 rnm. 

H*O. 
Found. 

7 Calculated for T-s---- 

(CH,),(C,H,) N. I. 11. 
- C .  ........ 80.00 79-88 

H .  ........ 9.63 9.80 
N .  ........ 10.36 - 10.49 

- 

The decomposition of the chloride, when heated, is therefore largely 
into the mixed tertiary amines, 

( C H S ) ~ ( C ~ H ~ ) N C ~  = (CHs),(C,H,)N + CHsC1. 

The action of heat on the hydroxide does not yield nearly so much 
of the mixed tertiary amines ; benzyl alcohol being produced in con- 
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siderable quantities. The benzyl alcohol was identified by its boiling 
point and its easy conversion into benzoic acid by oxidation. The 
melting point of the acid was found to be 121*2", and analysis of the 
silver salt gave 47.53 per cent. Ag (theoretical Ag in C,H,*COOAg = 
47-16 per cent.). There was formed also during the reaction small 
quantities of a solid hydrocarbon which resembled diphenyl. That 
some of the mixed tertiary amine was amongst the products of decom- 
position was proved by a small quantity of an amine, b. p. 178-180". 
This was mixed with methyl iodide, and an analysis made of the 
platinichloride. Platinum found = 27.7 per cent. Theoretical 
amount of platinum in [ (CH,)3(C7H7)NC1]zPtC14 = 27.5 per cent. 

The chief mode of decomposition is therefore represented by the 
following equation :- 

(CH,),(C7H,)N*OH = (CH3)J + C7H,*OH. 

11. MIXED QUATERNARY AMMONIUM COMPOUK'DS PRODUCED FROM 

TRIETHYLAMINE . 
The Action of Heat on the Chloride and Hydroxide of Triethylmethyl- 

ammonmm. 
These compounds were prepared in the usual way from triethyl- 

amine and methyl iodide; and the achion of heat on them gave 
substantially the same resuits as those obtained br Lossen (Annalen, 
81: pp. 376-333). 'l'he chief portion of the chloride was found to 
decompose into ethyl chloride and diethylmethylamine, 

(CzHti)3(CEL)NCl = (CzH,),(CH3)N + CzH5C1. 
The free tertiary amine was treated with methyl iodide, and after 

conversion into the chloroplatinate, on fractional precipitation with 
chloride of platinum, the following results were obtained :- 

Fraction 1. 

Fraction 2. 
Fmction 3. 

0.2368 gram salt gave 0.0753 gram Pt = 31.8 p. c. 

0.251 gram salt gave 0.0778 gram P t  
0,4172 gram salt gave 0.1303 gram Pt = 31-2 

Pt in [ (CH3),(C~H,)~NCl],PtC14 = 31.8 ,, 
= 30.99 ,, 

,, 
Pt in [(CH3)(CzH5)3NC1]2PtC14 = 30.4 ,, 

A certain quantity of the chloride must therefore decompose into 
chloride of methyl and triethylarnine, 

(CH,)(CzH5)3NCl = (CzH,),N + CH,CI. 
The hydroxide, when heated, decomposes easily at  a t,emperature 

not much above loo", ethylene is produced, and the free tertiary 
amine consists entirely of the mixed amine, 

(C2H,)3(CH3)N*OH = (CzH,)z(CH,)N + CZH4 + HZO. 
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780 COLLIE AND SCHRYVER: THE ACTION OF HELIT 

The free base, when pure, boils at 66-67" (corrected). 

0.240 gram substance gave 0.604. gram CO, and 0.32Fi gram H,O. 

A corn- 
bustion was made. 

Cabulated for 
(C2HA 2 (CHd N. Found. 

C. .  ............ 68-96 68.64 
H ............. 14.94 15.05 
N ............. 16.09 I 

T h e  Ac t ion  of Eeat ow the Chloride and Hydroaide of Dimethyldietlryl- 
arnmon ium. 

A considerable amount of the diethylmethylamine was treated with 
The two substances united with the evolution of methyl iodide. 

heat, Some of the iodide was analysed. 

N 
10 

0.622 gram salt required 27.01 C.C. - AgNO, solution = 55 4 p. c. T. 

Iodine in (C,H5),(CH,),NI .................... = 55-4 ,, 
As Lossen had already heated the chloride and found a mixture of 

tertiary amines resulted, we did not repeat his experiment. The 
decomposition, howecer, of the hydroxide, although believed by him 
to take place as follows :- 

(C&)Z(C&&)~N*OH = (CH,)z(CzH,)N + C2H4 + HZO, 

had not been tried. This result was conjectured by Lossen from the 
results of Hofmann, who found that usually in a mixed quaternary 
ammonium hydroxide, the ethyl-group was first eliminated (as 
ethylene) when the compound was decomposed by heat. This con- 
jecture of Lossen proved to be correct, for on heating the dimethyl- 
diethylammoniurn hydroxide we obtained a tertiary amine which, 
when treated with methyl iodide, and converted into the platinum 
salt, gave the following numbers :- 

0.302 gram salt gave 0-100 gram Pt.. ...... = 33.1 per cent. 
Pt in [ (CH&( CZH5)NC1],PtC1, ........... = 33.3 ,, 
The ethylene was identified by absorbing it with bromine and 

taking the boiling point of the dibromethylene ( b. p. 131.2"). 
A curious point, however, was noticed with regard to the boiling 

point of the dimethylethylamine-it boiled completetely between 39" 
and 41°. Now, the dimethylethylamine obtained by the action of 
heat on trimethylethylammonium chloride boiled from 42" to 43" 
(p. 770). We have repeated the former experiment again with 
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much larger quantities of salt, and with identically the same result ; 
t h e  whole  of t h e  dirnetl2yletlLylanzine boils between 39-41". It has  
recently been suggested by Hantsch and Werner (Ber., 23, 11-30> 
that two isomers of the form NR'R'R" are possible ; whether we have 
here such substances we are unable to say a t  present, but propose to 
continue the investigation. 

The A c t i o n  of H e a t  o n  t h e  Chlor ide  a n d  €lyclj*oxide of Trie thy lbenzy l -  
a m m o n i u m .  

Triethylamine reacts a t  once with benzyl chloride when the two are 
mixed together. The chloride thus produced can be obtained in the 
crystalline form from a concentrated aqueous solution, but attempts to 
determine the water of crystallisation in it were unsucxxssful, the 
salt decomposing when heated above 100". The chloride was decom- 
posed in the usual manner. Benzyl chloride was formed in  con- 
siderable quantities and recognised by its smell and boiling point 
(178-7"). The free tertiary ainiiies consisted almost entirely of tri- 
ethylamine, only a very small quantity of the mixed amine being 
formed. The triethylamine was convwtcd into tetrethylanirnonium 
iodide, and an iodine estimation made. Iodine found = 49.38 per 
cent. Iodine in  (C2H5)*NI = 49.41 per cent. The less volatile 
base was mixed with ethyl iodide and converted into the platini- 
chloride. 

0.435 gram gave 0.1082 gram Pt . . . . . . . . . . 
Pt in  [(C2H5),(C,H7)NCI],PtC1, . . . . . . . . . . . 
The chief decomposition which the chloride therefore undergoes 

= 24.87 per cent. 
= 24.62 ,, 

when heated is- 

(C,H,),(C,H,)NCl = (C,H5)3N + C2H7Cl. 

This agrees with the decomposition of the iodide, for Bodewig has 
found (Jahresbericht ,  1879, 435) that triethglbenzgl ammonium 
iodide when heated yields benzyl iodide and triethylamine. The 
13yclroxide when heated seems to yield similar results ; only traces of 
the mixed tertiary amine are produced. The benzyl alcohol was 
converted into benzoic acid and an  analysis of the silver salt made 
(47.23 per cent. Ag found. A g  in  C6H5*COOAg = 47.16 per cent.). 

The decompcjsition of the base is chiefly as follows :- 

(CZH5)3( C?H,)N*OH = (CZH5)gN + C7H,*OH. 

An interesting point with regard to  these triethylbenzylammonium 
compounds has been raised by Ladenburg (Be?.., 10, 45) ; he holds 
that the iodide prepared by the action of diethylbenzylamine on ethyl 
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782 MlXED QUATERNARY AMMOXIUM COMPOUNDS. 

iodide is not identical with that produced from the chloride obtained 
when triethylamine is allowed to react with benzyl chloride. We are 
at present enpged  in preparing a number of these mixed quaternary 
ammonium compounds, and propose to study the properties of their 
salts, particularly the platinichlorides. 

Conclusion. 

From the forgoing results, it evidently seems to be a general rule 
that when a mixed quateriiary ammonium chloride or hydroxide 
(made from trimethylamine or triethylamine) is heated, a mized ter- 
t iayy amine i s  always produced. The actual amount formed, however, 
varies very considerably with different compounds ; for with the tri- 
methylphenylammonium chloride the only product is dimethyl- 
phenylamine, whilst with the allyl- and isopropyl-trimethylammonium 
compounds, the chief tertiary amine formed by the action of heat is 
trimethylamine. If we take the chlorides, the methy 7,-group seems to 
be very easily eliminated from the molecule as methyl chkwide, whilst 
in the case of tlie hydroxides the ethyl-gr-oup almost invai>iably splits 
away as ethylene. The reaction, therefore, seems to be more in- 
fluenced by the nature of the decomposition products than by the in- 
troduced radicles ; and we sometimes find that the chloyide gives a 
much larger quantity of the mixed tertiary amine than the hy- 
droxide : - 

(CH,),(C,H,)NCl = (CH,),(C;H,)N + CHjC1, 
(CH,)3(CiH,)N-OI-I I- (C€€J)3N + CiHi*OH, 

whilst in other cases we find the reverse to be the case :- 

(CZH5)3(CH,)NCl = (CZHz),3 + CHTC1, 
( G H ~ ) ~ ( C H 3 ) ~ * 0 H  = (Cztl5),(CH3)N + CZH, + HZO. 

Owing to the limited quantities of trimethylaniine and triethyl- 
amine which we had to work with, the properties and boiling points 
of some of the mixed tertiary amines could not bc determined ; but as 
we propose to continue the research in  somewhat the same direction 
with the view of studying the asymmetry of the nitrogen-atom, we 
may be able to fill up some of thsse gaps in a communication which 
we hope to bring before the Society at. a future date. 

University Col I eye, 
Londoia. 
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