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Trimethylamine-p-toluenesulfoiiimide has been synthesized starting from unsynz-dimethylhydrazine. Thc ainiriimidc 
formed a hydrate, and was cleaved by zinc and acetic acid and by hydrogen peroxide. The aminimide showed basic proper- 
ties and reacted with hydriodic acid, methyl iodide and ethyl iodide to form N,N,N-trimethyl-N’-p-tolucnesulfonylhvdrazo- 
nium iodide. Pyrolysis gave a high melting residue together with a mixture of products among which were identified tri- 
methylamine, ammonia, formaldehyde and p-toluenesulfonamide. 

The nitrogen analogs of sulfoxides, phosphine 
oxides and arsine oxides, which are known as sulfili- 
mines I, 2a phosphinimides 11,3 and arsinimides 

have all been synthesized. 

Kz6--I\TS02Ar I R36-NSOzAr I1 

RaAs-GSOnAr 111 R3k-kSOZAr IV 

The corresponding analogs of amine oxides, the 
aminimides IV, are not known. Methods analo- 
gous to those used for making sulfilimines, phos- 
phixiinides and arsiiiimides have bcex tried with- 
out success.2a Members of this series, however, 
have been considered to be intermediates in decom- 
position reactions of 

The synthesis of an aminimide, trimethylamine- 
$-toluenesulfonimide (VII), was accomplished from 
unsym-dimethylhydrazine by the series of reactions 
shown below. 

C H ~ C ~ H ~ S O Z C I  
( CH3)ZNKHn P ( C H ~ ) ~ X N H S O Z C ~ H I C H ~  

v 

VI 

( CH~)S&-?SO~CBH~CH~ 
VI1 

The aiiiiniiiiide VI1 formed an isolable hydrate 
VI11 but not a methyl alcoholate. The amount of 
dissociation shown by the hydrate in water was too 
small to be measured by the freezing point lowering 
method. The actual extent of dissociation 

[I CIIJ)3 5-gSO2CdI4C&1 O H  - 

1 
I S  

was found by pH measurement to be 0.06170. This 
behavior differs from that  of trimethylamine oxide 
which forms a weakly basic dihydrate and methyl 
alcoholate with water and methanol, re~pectively.~ 

The structure of the t r i m e t h y l a m i n e - f i - t n e  
(1) Abstracted in part from the Ph.D. thesis, August, 1953, of Del- 

bcrt Rleyer. Allied Chemical and Dye Corporation Fellow, 1652-19.53. 
( 2 )  (a) IF. G. Manu and W. J. Pope, J. Chcm. Soc., 121, 1052 (1922): 

(b) D. S. Tarhell and  C. Weavcr, T H I S  JOURNAL, 63, 2939 (19.41). 
( 3 )  F. C:. R.Iano a n d  E. J. Chaplin, J .  Chrnt. S o r . ,  527 (1937) .  
i.L) H. Staudinger and  F.. Hauser, Helv. Chi?%. A r f n ,  4 ,  861 ( I Q 2 l i  
( 5 )  I,. F. Audrieth and B. A. Ogg, “The Chemistry of Hydrazine,” 

( 6 )  J. B. Class, J. G. Aston and T. S. Oakwood, THIS JOURNAL, 78, 

( 7 )  r. RIeis:rnl~eimer, A n i t ,  397, 273 (1913) ,  

John Wiley and Sons, Inc., New York, N. Y., 1951. p. 94. 
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sulfonimide was demonstrated by reduction with 
zinc and acetic acid to p-toluenesulfonamide and 
trimethylamine, and by oxidation with hydrogen 
peroxide to p-toluenesulfonamide. The trimethyl- 
amine oxide which should form in the latter reac- 
tion was not isolated. Analogous reactions occur 
with sulfiliniines. 

In  its reactions the ainininiide VI1 showed basic 
properties and combined with hydriodic acid to give 
N, N, N-trimethyl-N’-p-toluenesulfonylhydrazoniuiii 
iodide (VI). The reaction with methyl iodide 
and ethyl iodide in absolute ethanol produced the 
same compound VI  instead of the alkylated deriva- 
tives. This behavior indicated that  under these 
conditions the ethyl alcoholate, even though not 
isolated, may be an intermediate in the displace- 
ment reaction observed. 

X XI 

However, the use of the inore reactive halide, ben- 
zyl chloride, a t  room temperature gave a compound 
which had the composition of N,N,N-trimethyl-N’- 
benzyl-N’-p-toluenesulfonylhydrazoniuxn chloride 
(XII). The structure of this compound was not 
demonstrated conclusively by reduction with zinc 
and acetic acid since only p-toluenesulfoiiamide was 
isolated. d possible explanation for this behavior 

(CH3)a~-~(CH2CaHs)so~c6H~c~~~  XI1 
c1- 

is that the reduction proceeds by initial hydro- 
genolysisof thenitrogen-benzyl bond followed by hy- 
drogenolysis of the nitrogen-nitrogen bond since 
N-benzyl-p-toluenesulfonamide does not undergo 
hydrogenolysis under similar conditions. Such a 
behavior would be in agreement with the greater 
ease of cleavage observed for the catalytic reduc- 
tions of tertiary benzylamines than for secondary 
benzylamines.’ 

Pyrolysis of trimethylamine-~-toluenesulfoni.tri- 
ide (VII) gave a considerable amount of high melt- 
ing black residue together with a mixture of prod- 
ucts among which were identified trirnethylaminc, 
ammonia, formaldehyde and p-toluenesulfonaniide. 
Two liquids present could not be obtained in large 
enough amounts to be purified Cor identificatiotl. 
The produds identified are analogoui to thmc 01)- 
t i n e d  from the pyrolysis of diberuylsulfiiie-/> 
toluenesulfonylirnine with the exception that no 

18) h S I‘ Ash and F Challenger, J Chevz S O L ,  2792 ‘1952) 
1‘11 K 4daius “Ckgduic Reactiani,” VcbI VI [  Tohn X‘,le% And i o n -  

I n r  Y e n  Vurk K Y 14G3 p 277 
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product analogous to N-benzyl-p-toluenesulfonam- 
ide, formed by the migration of a benzyl group, was 
found. The absence of this compound is not sur- 
prising since methyl groups are known to be less 
prone to migration than benzyl groups. 

The p-toluenesulfonamide isolated accounted for 
only 16% of the sulfur originally present. Subse- 
quent hydrolysis of the black residue gave an addi- 
tional 2.7y0 of p-toluenesulfonamide and suggests 
the presence of polymers of the p-toluenesulfonam- 
ide-formaldehyde type. 

Further work on the resolution and rearrange- 
ments of aminimides is in progress. 

Experirnental'O 
N,N-Dimethyl-N'-p-toluenesulfonylhydrazine (V) .-Pure 

p-toluenesulfonyl chloride (45 g.) was added slowly to un- 
synz-dimethylhydrazine11 (28 g.) a t  0" with vigorous stirring. 
The resulting solution was stirred until a thick paste was 
formed. The paste was dissolved in 95% ethanol (110 ml.), 
the solution filtered, cooled and water added until the solu- 
tion became turbid. After standing at 0" for 24 hours the 
resulting crude N,X-dimethyl-N'-p-toluenesulfonylhydra- 
zine (13.3 g.) (27%) was filtered. Two recrystallizations 
from 9570 ethanol gave a solid melting at 79-81'. 

Anal. Calcd. for CsHltSOzN,: C, 50.45; H, 6.55; N, 
13.08. Found: C, 50.13; H,6.52; N, 12.55. 

N , N , N-Trimethyl-N '-p-toluenesulf on y lhy drazonium Io- 
dide (VI) .-A solution of N,N-dimethyl-N'-p-toluenesul- 
fonylhydrazine (9.3 g.) in methyl iodide (40 ml.) was re- 
fluxed for 22 hours. The pale yellow crystals formed were 
washed four times with 10-ml. portions of absolute ethanol 
and dried over phosphorus pentoxide for 24 hours, yield 
10.2 g. (64%), m.p. 156-157' dec. 

Anal. Calcd. for CloH~,SOzNzI: C, 33.71; H ,  4.81; 
I, 35.63. Found: C, 33.95; H,  4.87; I ,  35.76. 

Trimethylamine-p-toluenesulfonimide (VII) .-N,N,N- 
Trimethyl-N'-p-toluenesulfonylhydrazonium iodide (9 9.) 
was triturated with 10% sodium hydroxide (20 ml.) and the 
resulting white solid filtered. Recrystallization three times 
from absolute ethanol followed by drying for 24 hours gave 
a solid (5 g.) (87%) melting at 175-176". 

Anal. Calcd. for C~OHI~SOZN~:  C, 52.61; H ,  7.06. 
Found: C, 52.27; H,  7.16. 

Freezing point depression in water pointed to very little 
dissociation of the hydrate. 

Sample in 10 g. Freezing point depression, 'C. 
of Ha0 Found Calcd. 

0.0952 g. -0.079 -0.078 
0.0953 g. -0.082 g. -0.078 g. 

Trimethylamine-p-toluenesulfonimide Hydrate.-Tri- 
methylamine-p-toluenesulfonimide (VII) when recrystal- 
lized from water gave white needles which after drying in a 
vacuum desiccator over phosphorus pentoxide for 24 hours 
melted at 171-172'. 

Anal. Calcd. for CloH&03N2: C, 48.77; H, 7.37. 
Found: C, 48.57; H,  7.24. 

Recrystallization of trimethylamine-p-toluenesulfon- 
imide (VII) from methanol gave white crystals melting a t  
the same point as the starting material (174-175') and had 
the composition of this material. No evidence for the for- 
mation of a methyl alcoholate was found. 

Reactions of Trimethylamine-p-toluenesulfonimide (VII) . 
1. Reduction.-A mixture of trimethylamine-p-toluene- 
sulfonimide (1.5 g.), zinc dust (6.5 g.), water (20 ml.) and 
acetic acid (5 ml.) was refluxed for 3 hours, cooled and fil- 
tered. The filtrate was made basic and steam distilled 
until 150 ml. of distillate had beeu collected. Acidification 
with hydrochloric acid followed by evaporation to dryness 
gave a solid which after one recrystallization from ethanol 
and ether and one from ethyl acetate melted at  275" dec. 
and proved to be trimethylamine hydrochloride. 

(10) Melting points are corrected. 
(11) A. H. Blatt, "Organic Syntheses,'' Coll. Vol. 11, John Wiley 

and Sons, Inc., New I'ork, N. Y,, 1943, p,  211. 

The residual solution from the steam distillation was 
acidified with hydrochloric acid and extracted six times with 
20-ml. portions of chloroform. Removal of the chlorofory 
gave p-toluenesulfonamide (0.25 9.) melting at 136-137 
after one crystallization from water. A mixture with an 
authentic sample melted a t  the same point. 

2. Oxidation.-A mixture of trimethylamine-p-toluene- 
sulfonimide (0.56 g.) and 30% hydrogen peroxide (30 ml.) 
was allowed to stand for 24 hours. The solution was 
evaporated to  dryness and the resulting oil taken up in 
ethanol. Partial removal of the ethanol gave a, very small 
amount of p-toluenesulfonamide, m.p. 136-137 . Further 
removal of the solvent followed by an extraction with ethyl 
acetate gave only the starting material (0.1 g.), m.p. 

Reaction with Hydriodic Acid.-A solution of tri- 
methylamine-p-toluenesulfonimide (VII) (1.06 g.) in water 
(20 ml.) was treated slowly with stirring with hydriodic 
acid (sp. gr. 1.50) (2 ml.) and the resulting solution aftcr 
standing for 20 hours was filtered. The N,N,N-trimethyl- 
N'-p-toluenesulfonylhydrazonium iodide (VI) (1.6 g . ,  
96.1%) formed melted a t  159-161' dec. 

Reaction with Methyl Iodide.-A solution of trimeth- 
ylamine-p-toluenesulfonimide (VII) (0.4 g.) and methyl 
iodide (4 ml.) in absolute ethanol (20 ml.) was refluxed for 
20 hours. The reaction flask was protected from moisture 
with a calcium chloride tube. The solid which was formed 
(0.116 g.) was recrystallized three times from absolute 
ethanol and proved to be N,N,N-trimethyl-"+toluene- 
sulfonylhydrazonium iodide (VI). The alcohol filtrate gave 
a very small amount of starting material together with a n  oil. 
The insolubility of the aminimide in non-hydroxylated sol- 
vents prevented the use of one of these in this reaction. 

Reaction with Ethyl Iodide.-A solution of trimethyl- 
amine-p-toluenesulfonimide (VII) (2.0 g.) and ethyl iodide 
(10 ml.) in absolute ethanol (20 ml.) was refluxed for 24 
hours. The small amount of insoluble solid formed proved 
to be N,N,N-trimethyl-N'-p-toluenesulfonylhydrazonium 
iodide (VI). From the filtrate the starting material (1.8 9.) 
was recovered. 

Reaction with Benzyl Chloride.-A solution of tri- 
methylamine-p-toluenesulfonimide (1 .O g.) and benzyl 
chloride (2 ml.) in absolute ethanol (30 ml.) was allowed to  
stand a t  room temperature for three weeks. The white 
solid (0.2 g.) which formed was recrystallized twice from an 
absolute ethanol-ether solution and melted a t  171-173". A 
mixture with trimethylamine-p-toluenesulfonimide (VII) 
melted at 120-122'. The product gave a positive Beilstein 
test for halogen. 

171-173" 
3. 

4. 

5 .  

6 .  

Anal. Calcd. for CI~H~&ZSO~CI: C, 57.53; H ,  6.53; 
N, 7.90. Found: C, 57.69; H, 6.21; N, 7.57. 

The above product (0.1 g.) was refluxed with zinc dust 
(0.4 g.), acetic acid (3.5 ml.) and water (10 ml.) for 3 hours. 
The resulting solution was filtered, made basic and steam 
distilled. Acidification followed by extraction with chloro- 
form gave a solid melting a t  115-117°. Recrystallization 
from a chloroform-petroleum ether (60-68') mixture gave 
p-toluenesulfonamide, m.p. 134-135'. 

No p-toluenesulfonamide was obtained when a similar 
reduction was carried out with N-benzyl-p-toluenesulfon- 
amide (1.5 g.) . In this example N-benzyl-p-toluenesul- 
fonamide (1.4 g.) was recovered, m.p. 115-116°. 

6. Pyrolysis.-Trimethylamine-p-toluenesulfoniniide 
(25 g.) was heated in a stream of nitrogen a t  185-195" for 
7 hours and the volatile products were collected in four 
traps the first of which was at  room temperature, the second 
in a mixture of Dry Ice and acetone, the third contained 
concentrated hydrochloric acid and the fourth a solution of 
2 N hydrochloric acid saturated with 2,4-dinitrophenyl- 
hydrazine. The liquid (1 ml.) from the Dry Ice trap upon 
treatment with ethyl iodide in ether gave trimethylcthyl- 
ammonium iodide (0.2 g. ) ,  m.p. 320-322' dec. 

The concentrated hydrochloric acid solution upon evap- 
oration gave ammonium chloride, m.p. 325-335'. 

Anal. Calcd. for "&!I: N, 26.19. Found: N, 23.94. 
The hydrochloric acid-2,4-dinitrophenylhyrlrazine solution 
gave a trace of formaldehyde-2,4-dinitrophenylhydrazotie, 
m.p. 163-165'. 

The oils (4 ml.) from the first trap could not be purified 
sufficiently to be characterized. 

From the black tarry residue (17.0 g.) in the reaction 
flask p-toluenesulfonamide (3.0 9.) was obtained by estrnc- 



tion with ether and water, respectively. The remainder 
of the products consisted of a black oil (1.5 9.) and a dark 
browti, high melting solid (7.5 6 . ) .  The latter when rc- 
fluxcd with concentrated hydrochloric acid for 4 hours gave 
n crystalline brown solid from which p-toluenesulfonamide 
(0.5 6.1 could be recovered by extracting with boiling water. 
The residue from this extraction contained 11.56% sulfur 

i lnal.  Calcd. for C ~ H ~ S O Z N :  S, 18.7. Cdcd.  for C8H8- 
SO&: s, 17 6. 

7 pH Measurements.--A solutioii of trimethylamine- 

p-toluenesulfonimide (0.00419 ill) iu conductivity water 
gave, under nitrogen, an initial pH measurement of 6.72. 
After standing for 1 5  hours the reading increased to 7.90. 
The solution upon evaporation to dryness gave the original 
material. Kb for the aminimide taking the ionization of 
water into account is given by the expression 

Kb(Hf)a f (KhCB Kw)(H')' - k ' w K h ( f I + )  - Kw2 = O 
KI ,  = 1.51 X 10-'0; dissociation = 0.061% 
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p-Thiocresol was found to bc without elrect 011 cyclic aiiils such as pyridine, quinolinc, isoquinolirie and hci1xothi:tmlc. 
Ilowever, acridine was reduced to biacrid:iii and acridan by this thiol. An interesting reactioti with aryl thiols is the re- 
duction of the carboii-carbon double bond in bcnzulquinaldine and benzallepidine to  form 2-(~-phenylcthyl)-yuiiioliiic atitl 
4-(P-phenylethyl)-quinoline, respectively. 

It has been shown' that  p-thiocresol has a reduc- 
ing action on the azomethine grouping in benzalani- 
line and also in benzophenone-anil, forming bcniyl- 
aniline and benzhydrylaniline, respectively 

H 
CsH,C=xCsH6 f 2$-CH?C6HaSI$ + 

I I  
C6HjCHz--U-C6H0 f ( ~ - C I I I C G H ~ S ~ ~  

I n  a similar reaction with p-thiocresol, azobenzene 
was converted to hydrazobenzene.' 

More recently, Stacy and hlorath2 have found 
that P-thionaphthol did not react with bentalanil- 
ine, and that benzalanthranilic acid, instead of 
being reduced, foriried addition products with p -  
thiocresol, thiophcnol and :t iiuinber of thiols in 
the alkyl series. 

COOL1 
H I 

c6IIoLs--  ' a \ 4- EISCII*CO0lf --+ 
11 I ,I  Y ) O ' l  

c d -  1 e) 
I 
sc1IicooII 

Frequently, wheii einployiiig ail ester of tliiogly - 
colic acid or the free acid, the addition to the azo- 
iriethine grouping is followed by intramolecular 
condensation to give a 2,3-disubstituted-4-thiazoli- 
done. 

I 1  

I<- c-- - --\ .-R' 
I 

The unique reduction of benzalariiline a i d  berim- 
phenone-ani1 with p-thiocresol suggested the possi- 
bility of using thiols as preferential reductants for 
the azomethine grouping where the latter is ~ m r t  

(1) If. Gilrnan a n d  J. H. Dickey, T H I S  JOURNAL, 62, 4573 (1!1;301. 
(2) C;, W. Stacy and K. J. hrorath. ibid., 74, 3885 (1952). 
(3) A. R. Surrey, ibid., 69, 2911 (1947). 
(4 )  H. D. Troutman and I,. M. Long, ibid., 70, 3436 (1948). 

of a ring system, as in quinoline or in pyridine. 
From the results of a number of attempted reduc- 
tions with a variety of anils (see Table I), it appears 
that the reaction is not generally applicable to this 
class of compounds. 

Pyridine, quinoline, isoquinoline, 2-phenylquino- 
line, 2-(p-dimethylaminophenyl)-7-methylquino- 
line and benzothiazole were not acted upon by p- 
thiocresol under our experimental conditions. Acri- 
dine was found to undergo reduction to biacridan 
(I), and in one experiment acridan was isolated as 
one of the products. The yields varied appreciably 
with the conditions employed. That  steric factors 
iriay be significant in this type of rcaction was indi- 
cated wlien 9-(o-iodoplienyl) -acridineb was recov- 
ered in quantitative amount in one attempted re- 
ductioii. 

I. 11 
I 

I I' I .I1 

H I  

'llie rict effect of the reduction of acridine to 
acridan is tlie addition of two atoms of hydrogen 
to the tcriiiinal atoiiis of a conjugated azoinethinc 
svstem. The azomethine grouping is important 
it i  this reaction; anthracene, with a similar coniu- 
p t e d  system but lacking the azomethine grouping, 
is not reduced under our conditions (although cer- 
tain other methods of reduction are successful for 
both inolccules) . 

'The success of this reaction with acridine led to 
the investigation of several other compounds coli- 
ttiinitiy 21 conjugated azornethine system. It W ~ S  

f i l  [ h e  authrrrc dre indebted to  Dr. c Gardner Swdin for d 5up;lly 
( i f  ' I  , 1 iodopl~en)I)-acridine 


