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Three laboratory procedures are generally avail- 
able for the synthesis of quaternary ammonium 
salts.’I2 These methods are: (a) neutralization of 
the free quaternary ammonium base wit,h the acid 
of the desired anion, ciz., R.4iSOH + HX + R4SX + HzO, ( b )  metathetical reactions involring the 
formation of an insoluble compound and the quater- 
nary ammonium salt’, z’iz., R4SY + AX + AY + RdSX, a,nd (c) alkylation of amines (t’he Hof- 
mann reaction), uiz., R a S  + RX --t Ii4NX.2-4 
The work reported here presents a fourth approach 
based upon the reaction of equivalent cjuant’ities 
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(3)  P. Walden, 2. Eleklrochenz., 27, 36 (1921 j. 
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of the free quaternary ammonium base and the 
ammonium salt of an anion 

The kinship of the quaternary ammonium bases 
to the alkali metal hydroxides is well 
Accordingly, the quaternary ammonium hydrox- 
ides will tend to  displace the more weakly basic 
ammonia from aqueous solutions of ammonium 
salts as per the equation: R4NOH + NH4X + 

R4NX + HzO + “3. Because this latter reaction 
may be driven quantitatively to  the right without 
destruction of the quaternary ammonium ion, a 
simple, direct means for the preparation of the 
quaternary ammonium salts of many of the less 
stable, less familiar acids is made possible. Though 
the ensuing examples utilize tetraalkylammonium 
bases, there should be no restrictions preventing 
the use of other quaternary ammonium bases 
under suitable experimental conditions. 

EXPERIMENTAL 

Aqueous solutions (2-3 wt. yo) of tetramethyl- and t,etra- 
ethylammonium hydroxide were prepared from t’he com- 
mercially available 10 wt. yo solutions (Eastman Kodak 
“White Label” grade). The exact titers of the dilute solu- 
tions were obtained by tit’rat’ion with st’andard 0.1N acid 
to the phenolphthalein end-point. All ammonium salts used 
mere of “Reagent” grade. 

~etrarnethylammonizi7n thiocyanate. To 2.831 g. (0.03106 
mole) of tetramethylammonium hydroxide in 125 ml. of 
water was added 2.364 g. (0.03106 mole) of ammonium 
thiocyanate. The solution was boiled down to  a volume of 
50 ml. three times, the water being replaced after each 
volume decrease. The mixture was t,hen carefully heated to  
dryness and placed in an oven for 2 hr. a t  100”. Yield: 100% 
(4.1 g.). 

( 5 )  P. Karrer, Organic Chemistry, pp. 112, 118, Elsevier, 
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pp. 28, 30-32, Oxford, 1937. 
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Anal. Calcd. for (CH3)&SCS: SCX, 43.90. Found: 
43.45, 43.50, 43.62 (by precipitation as silver thiocyanate). 

Tetramethylaiiii?ionilL,n sulfnte. To 2.754 g. (0.03022 mole) 
of tetramethvlammonium hydroxide in 125 ml. of mater 
was added 1.997 g. (0.01511 mole) of ammonium sulfate. 
The solution Tvas boiled and bmught to dryness as in 
preparation (I), mhereupon the residue was heated in an 
oven for 12 hr. a t  120" and 6 hr. a t  130'. Yield: 92y0 (3.4 
s.). 

Anal. Calcd. for [(CH$)CV]2S01: 804, 39.30. Found: 
30.44, 39.47 (by  precipitation as barium sulfate). 

4'etramethyZamnzoniunz bromide. To 2.661 g. (0.02925 mole) 
of tetramethylammonium hydroxide in 125 ml. of water 
was added 2.865 g. (0.02925 mole) of ammonium bromide. 
The resulting solution was treated as in preparation (11). 
Yield: 100% (4.5 g,) .  

Anal. Calcd. for (CHp)lSBr: Br, 51.88. Found: 51.19, 
51.27, 51.28 (by precipitation as silver bromide). 

Tetramethylammonium iodide. To 2.9681 g. (0.03253 mole) 
of tetramethylammonium hydroxide in 125 ml. of water 
mas added 4.7157 g. (0.03252 mole) of ammonium iodide 
which had been previously washed with carbon tet,rachloride 
to remove all traces of free iodine formed as a result of de- 
composition during prolonged storage. The resulting solu- 
tion was treated as in preparation (11); yield: 10070 (6.5 
g.). 

Anal. Calcd. for (CHI)INI: I, 63.12. Found: 62.42, 
62.54, 62.64 (by precipitation as silver iodide). 

Tetramethylammonium chromate. To 3.518 g. (0.03860 
mole) of tetramethylammonium hydroxide in 125 ml. of 
mater %-as added 1.5 ml. of aqueous 287, ammonia and 2.433 
g. (0.00965 mole) of ammonium dichromate. The additional 
ammonia was needed to bring about conversion of the 
dichromate ion to the chromate ion. The resulting solution 
XTas treat,ed as in preparation (11). 

Anal. Calcd. for [( CH3),X]?Cr04: CrOa, 43.89. Found: 
43.14, 13.20, 43.41 (by precipitation as barium chromate). 

TetramefhzJZalnmoniurn oxalate. To 3.170 g. (0.03478 mole) 
of tetramethylammonium hydroxide in 125 ml. of mater 
was added 2.471 g. (0.01739 mole) of ammonium oxalate 
monohydrate. The resulting solution was treated as in 
preparation (11). 

Anal. Calcd. for [( CEI,)~N]~CZO:: ( 2 2 0 4 ,  26.85. Found: 
26.40, 26.45, 26.46 (by precipit'ation as calcium oxalate 
monohydrate). 

Tetramethylammonium thiosulfate. TO 2.265 g. (0.02484 
mole) of tetramethylammonium hydroxide in 125 ml. of 
water mas added 1.841 g. (0.01242 mole) of ammonium 
t,hiosulfate. The solution mas boiled down twice to 25 ml. 
with replacement of water, evaporated, and dried for 12 
hr. a t  105') and for 4 hr. at) 130"; yield 97% (3.1 g.). 

Anal. Calcd. for [ ( C H ~ ) J ] ~ S L O ~ :  S&, 43.03. Found: 
41.97, 42.10, 42.13 (by conversion to sulfate and precipita- 
tion as barium sulfate). 

Tetmethylarnmonium iodide.  To 2.221 g. (0.01508 mole) 
of tetra.ethy1ammonium hydroxide in 125 ml. of m-ater was 
added 2.186 g. (0,01508 mole) of ammonium iodide. The 
solution was boiled down twice to 10 ml. with replacement 
of water, evaporated, and dried for 20 hr. a t  85"; yield 

Anal. Calcd. for (C2Hj)4SIr I, 49.35. Found: 48.84, 
48.87, 48.92. 

Tetraethylammonium thiocyanate. TO 2.468 g. (0.01676 
mole) of tetraethylammonium hydroxide in 125 ml. of 
r a t e r  was added 1.276 g. (0.01676 mole) of ammonium 
thiocyanate. The resulting solution was treated a9 in 
preparation (1711); yield 94% (3.0 g.1. 

Anal. Calcd. for (C2Hj)IN8CN. SCX, 30.84. Found: 
29.83, 29.84, 29.87. 

100% (3.9 g.). 
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Tn view of the high activity of thioisonicotin- 
amide in the chemotherapy of experimental tubci- 
culosis in mice12 a number of pyridine derivativcs 
containing a -CSXH- moeity were prepared. 

Reduction of the pyridine ring eliminated ac- 
tivity; S-oxidation reduced activity, and separation 
from the ring of the -CSKH- group (thioureas and 
pseudothioureas) eliminated nctirity as did also the 
ronversion of the group into a ring system (thia- 
zole and thiazolone). 

The previously known S-oxides oC picolin- 
amide13+! thiopicolinamide,4 ni~ot inamide,~ arid 
isonicotinamide,Y as well as 4-pyridylthiourea,j 
also showed no activity in the same test in which 
nicotinamide is active.6 All other compounds pre- 
pared were either inactive or less active than thio- 
isonicotinamide. 

EXPERIMENTAL' 

~sonicotinonitrzle-l-ozide. Isonicotinamide-1-oxide ( 147 g.) 
was heated a t  reflux for 0.5 hr. with 1500 g. of phosphorus 
oxychloride. The solution was concentrated to a small 
volume under vacuum and poured onto cracked ice. The 
solution was made alkaline with concentrated ammonia and 
the separated nitrile filtered off. The solution was extracted 
five times with chloroform using a total of 800 ml. for the 
extractions. The previously separated solid was extracted 
a t  the boiling point with the chloroform extractants and 
filtered. On cooling, almost pure nitrile separated which 
could be recrystallized from rhloroform or methanol; yield, 
85 g., m.p. 229-230". 

Anal. Calcd. for CbHIT~O: N, 23.3. Found. S: 22.9. 
This compoiind has been previollsly reported,S with a 

melting point of 220-221' by preparation from 4-amino- 
pyridine-1-oxide using the Sandme1 er reaction. 

Thiozsonzcoknamide-I-oxzde. Isonicotinonitrile-1-oxide (30 
9.) was dissolved in 300 ml of a methanol solution contain- 
ing 30% ammonia by meight. The solution was saturated 
n-ith hydrogen sulfide gas and on standing 2 days the 
thioamide separated. The recovered yellow-orange product 
was recrystallized from hot water; yield, 12 g., m.p. 205- 
206 O I 
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