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The synthetic possibilities of chloramine were first thoroughly investi
gated by Raschig ( ! ) ; his classical hydrazine synthesis was the result of 
these efforts. He also discovered that phenylhydrazine can be obtained 
from chloramine and aniline, and indophenol (N-p-hydroxyphenyl-
quinoneimine) from chloramine and phenol, via the initially formed 
p-aminophenol. The yields were so poor, however, that he did not follow 
these reactions up. It took many years before chloramine was again em
ployed for organic syntheses; it is especially in the last decade that it 
has yielded a large number of results. 

Since the polarity of the N—CI bond in chloramine is certain to be 
very weak (#), it can be polarized in different directions. This renders 
two types of reaction possible: 

X - H (Me) + C l - N H 2 -> X - C l + N H 3 ( M e N H 2) ( 1 ) 
ch lor inat ing agent 

and 
X - H (Me) + C I - N H 2 X - N H 2 + HCI (MeCI) ( 2 ) 

aminat ing agent 
e .g . (3), 

O H 0 - h C I - N H 2 -» O C l © + N H 3 

and (4) 
O H 9 - I C I - N H 2 C 1 0 + H O - N H 2 

Since fission into free radicals is also possible as a result of the weak 
polarity of the N—CI bond, reaction (1) can be a cryptoionic reaction or 
a free radical reaction; nor is it thus far certain whether reaction (2) 
proceeds as a cryptoionic reaction via an SN2 mechanism (5), or via an 
intermediate imine molecule or radical {6): 

C 1 - N H 2 -> HCI + N H ( 2 a ) 

X - H + N H -> X - N H 2 ( 2 b ) 

Whether a reaction proceeds according to (1) or (2) will depend on 
the reagent and the reaction conditions. Reactions of type (1), in which 
chloramine acts as a chlorinating agent, possess no significance, whereas 
reactions, of type (2), in which chloramine acts as an aminating agent, 
command great interest. In certain cases, chloramine is also capable of 
adding to double bonds, e.g.: 
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( C 6H . ) aC = C = 0 + C I - N H 2 ( C eH 6) 2C - C = 0 
I I 
Cl NH, 

Furthermore, chloramine can react with carbonyl compounds in a 
manner similar to hydroxylamine to give chlorimines: 

\ \ 
^ C = 0 + H tN - C l -> ^ C = N - C 1 4 - H 20 . 

Amines from Chloramine and Organometal l ic Compounds 

React ion with O r g a n o m a g n e s i u m C o m p o u n d s 

According to Coleman and Hauser (7), chloramine reacts at 0° with 
alkyl- and arylmagnesium halides in ethereal solution to give primary 
amines and ammonia. The yields of amine are highest when the chlorides 
are utilized, and fall steadily on changing to bromides and iodides. 
Benzylmagnesium chloride affords the best yields of amine, while phenyl-
magnesium chloride forms mostly ammonia and chlorobenzene (8). Both 
reactions (3) and (4) consequently take place: 

R-MgX + N H , - C l -> R-Cl + M g X ( N H t) 

H.O (3) 
=—• R-Cl + M g X ( O H ) + N H , 

and R - M g X + C 1 - N H 8 -> R - N H , + MgXCl (4) 

In the latter case, the amine formed reacts with another molecule of the 
Grignard compound to give a hydrocarbon. The extent to which reaction 

R - N H , + R-MgX -> R - N H - M g X + R-H 

H.O 

— • R - N H , + Mg(OH)X + R-H 

(4), important from the preparative point of view, occurs, depends on 
how strongly the Grignard reagent is able to polarize the N—Cl bond in 
the direction of the negative chlorine. It is thus understandable that the 
use of bromamine results in a lower yield of primary amine (9), since 
the N—Br bond is far less readily polarized in the sense discussed above. 

Table 1 gives a survey of reactions of this type. The method pos
sesses special significance for the preparation of primary amines in which 
the amino group is linked to a secondary or tertiary carbon atom (10), 
or are otherwise difficult to obtain (11). No anomalous behavior of the 
Grignard compounds is observed (12)) benzylmagnesium chloride gives 
exclusively benzylamine (92%), and a-naphthylmethylmagnesium chlo
ride and cinnamylmagnesium chloride yield a-naphthylmethylamine 
(47%) and cinnamylamine (14%), respectively. 
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T A B L E 1 
Reaction Between Chloramine and Organomagnesium Hal ides 

RMgX 
R = 

X 
RNH, 

(%) 

= CI 
NH, 
(%) 

X 
RNH, 

(%) 

= Br 
NH, 
(%) 

X =1 
RNH, 

(%) 
NH, 
(%) 

Lit. 
ref. 

CH, - - 26 68 8 88 (7) 
C,H8 57 40 28 66 16 81 (7) 
n-C3H7 58 37 27 64 14 70 (7) 
iso-CjHr 66 30 37 55 9 79 (10) 
«-C4H, 59 39 27 65 15 85 (7) 
sec -C«H, 70 20 51 39 16 74 (10) 
tert-CJi, 60 39 20 80 5 81 (10) 
iao-CsHn 55 41 27 72 11 84 (7) 
(C,H5)CH 71 19 32 62 14 79 (10) 
tert-C%Hu 66 31 14 79 2 80 (10) 
C.H, 27 68 15 84 1 96 (7) 
CJHJ' CH, 85 4 55 39 49 46 (7) 
CeH3

a CH,* CH, 74 18 42 53 15 74 (7) 

As shown in the comparisons below, the yield of primary amine can 
be substantially increased by the use of magnesium dialkyls (14) ' 

n -C4H,MgCl (n-CJVJAg 
% Amine % NH, % Amine % NH, 

Ether, 0°C 57 43 82 14 

Dioxane, 0°C - - 90 0 

Ether-dioxane, 0°C - - 86 8 

Ether-dioxane, -60°C - - 97 0 

Ether, -60°C 63 37 - -

The method can be considerably improved, since an ether-dioxane solu
tion of magnesium dialkyl can readily be prepared by the addition of 
dioxane to an ethereal solution of alkylmagnesium halide (15). 

Preparation of an ethereal solution of chloramine. According to the 
method of Marckwald and Wille (13), a molar solution of ammonia 
(500 ml), cooled to 0° by the addition of crushed ice, is added all at once 
to a similarly cooled molar solution of sodium hypochlorite (500 ml). 
An exothermic reaction ensues (care! inhalation of the pungent chlora
mine causes severe and persistent headaches!) which results in a slight 
warming of the mixture, and, depending on the extent of external cooling, 
the more or less vigorous evolution of gas; this is due to the decomposi
tion of the chloramine to nitrogen. This mixture can be extracted with 
ether directly. Since the solubility of chloramine in ether hardly exceeds 
that in water, however, the mixture is best distilled at the water pump, 
using an efficient condenser and a receiver cooled in an ice-salt mixture. 
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The temperature of the vapor must not rise above 40°. After approxi
mately 150 ml have come over, the still-cold distillate is extracted twice 
with ether (first 300 ml, then 200 ml), the combined ether extracts shaken 
with anhydrous calcium chloride, separated, and dried for another hour 
at 0° over fresh calcium chloride. This ethereal solution contains chlora
mine (10-12 gm). 

The distillation, which requires 2-3 hr, can be avoided by the follow
ing process: 

A commercial sodium hypochlorite solution (260 ml, 1.9 M) and ether 
(1 liter) in a 2 liter beaker are cooled to 0° in an ice-salt mixture and 
thoroughly mixed by intensive stirring. Aqueous ammonia (42 ml, 
d— 0.910) is added dropwise; a vigorous reaction ensues, and the solu
tion foams. The ethereal layer is separated and dried for 1 hr over an
hydrous calcium chloride. Yield of chloramine: 13-14 gm. 

The first method, while being more troublesome, affords a purer prod
uct. The ethereal solutions of chloramine thus prepared must be used 
within 6 hr, on account of the instability of the compound. The chlora
mine content can conveniently and accurately be determined iodo-
metrically (1 ml 0.1 N Na 2S 20 3 = 2.57 mg C1NH2). 

Preparation of the amines (7,10). The cold ethereal solution of chlora
mine is slowly added to a stirred excess of the Grignard solution, cooled 
to or below 0°. As soon as the chloramine solution comes into contact 
with the Grignard solution a precipitate results, which finally forms a 
more or less gelatinous mass. On completion of the reaction the vessel is 
fitted with a condenser equipped with an adapter which is connected to 
a receiver containing dilute hydrochloric acid. Decomposition is effected 
by the dropwise addition of water followed by mineral acid until solu
tion is complete. The solution is made alkaline and steam-distilled until 
no more basic material comes over. The aqueous-ethereal distillate is 
thoroughly shaken, the ether separated, and the aqueous hydrochloric 
acid solution evaporated to dryness on a water bath. The residue is care
fully dried in a vacuum desiccator, the amine hydrochloride dissolved in 
n-butanol, and any undissolved ammonium chloride filtered off. Evapora
tion of the butanol on a water bath yields the amine hydrochloride. 

React ions with O r g a n o l i t h i u m a n d O r g a n o z i n c C o m p o u n d s 

Coleman and associates (16) also allowed chloramine to react with 
zinc dialkyls and lithium alkyls and aryls under various conditions; in 
general, however, the yields of amine do not exceed those obtained with 
organomagnesium halides. 
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Unsymmetrically Substituted Hydrazines from Amines 
and Chloramine 

Preparat ion in A q u e o u s Solut ion 

Audrieth has successfully extended the Raschig hydrazine synthesis 
to primary (17,18) and secondary (19) amines, and has thus prepared 
mono- and unsymmetrically disubstituted hydrazines. The reaction pro
ceeds more rapidly than that between ammonia and chloramine; it re
sults in good yields even at a lower temperature and at much lower 
molar proportions of amine:chloramine than those required for the 
preparation of the unsubstituted hydrazine. In the case of secondary 
amines, an excess of ammonia in the chloramine solution substantially 
increases the yield of dialkylhydrazine. The presence of gelatin (for the 
bonding of heavy metal ions) and of a strong base, such as is formed in 
the preparation of chloramine from ammonia and hypochlorite: 

N H , + NaOCl N H 2C I + N a O H 

is also necessary in this instance. Tables 2 and 3 show the substituted 
hydrazines prepared by this method. 

T A B L E 2 
Mono substituted Hydrazines 

R—NH-NH, 
R = 

% Yield 
calcd. 

w.r.t. NH,C1 
Hydrazine 
isolated as 

Lit. 
ref. 

CH3 64 Sulfate (17) 

C.H, 67 Sulfate (17) 
«-C,H7 62 Sulfate (17) 

55 Sulfate (17) 

w-C^H, 68 Sulfate (17) 

iso-C4H9 59 Sulfate (17) 

terf-C4H, 71 Hydrochloride (17) 

" C 6H 13 57 Oxalate (18) 
Cyclohexyl 60 Sulfate (18) 
Allyl 52 Hydrochloride (18) 
0-Hydroxyethyl 58 Oxalate (18) 
/3-Aminoethyl 75 Oxalate (18) 

Preparation of alkylhydrazines (17,18). Gelatin solution (50 ml, 
0.5%) is added to a solution of sodium hypochlorite (100 ml, 1.15M) 
and the mixture cooled to 0°; a cold solution of ammonium hydroxide 
(100 ml, 1.15 M) is added dropwise and the mixture carefully shaken, 
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T A B L E 3 
Asymmetric Disubstituted Hydrazines 

R,N—NH2 

% Yield 
calcd. 

w.r.t. NH2C1 

Hydrazine 
isolated as 

Lit. 
ref. 

R = CH3 53 Oxalate (19) 

C,H5 41 Oxalate (19) 

n -C3H7 40 Oxalate (19) 

42 Oxalate (19) 

N- Amino morpholine - Hydrochloride (18) 

N- Aminopiper idine 51* - (19) 

N-Amino-a -pyr idone 28 Hydrazine (20) 

"Determined iodometrically. 

care being taken to avoid the excessive evolution of gas. Chloramine 
solutions prepared in this manner are 0.16 M. 

An aqueous solution of the primary amine or the amine itself is added 
in excess to this well-stirred 0.16 M chloramine solution (250 ml) cooled 
to 0° (molar proportion of NH2C1: amine = 1:8). The reaction solution is 
allowed to warm up to room temperature over a period of 2 hr, and then 
heated on a steam bath for 10-30 min in order to complete the reaction. 

The isolation of the hydrazines can be accomplished by two methods: 
(A) The reaction mixture is distilled in an atmosphere of nitrogen; 

this gives first an aqueous solution of the excess of amine, followed by 
an aqueous solution of the alkylhydrazine. The latter is treated with an 
excess of hydrochloric or sulfuric acid and concentrated to a small vol
ume. The salts separate on cooling or on the addition of ether and can be 
recrystallized from methanol/ether. 

(B) The reaction mixture is neutralized with acetic acid, and benzal
dehyde or salicylaldehyde is added; the hydrazone formed is extracted 
with ether, the ethereal solution treated with aqueous oxalic acid and the 
ether and aldehyde distilled off. Extensive concentration of the aqueous 
solution results in the crystallization of the oxalate. The oxalates can 
be recrystallized from alcohols, to which ether is added if necessary. 

Preparation of unsymmetrical dialkylhydrazines (19). An aqueous 
solution of the secondary amine or the amine itself is added to a well-
stirred, ice-cold solution of chloramine, prepared by the addition of a cold 
1M sodium hypochlorite solution (250 ml, 0.25 mole) to a 1 M solution 
of ammonium hydroxide (750 ml, 0.75 mole), cooled to 0° (molar propor
tions NaOCl: amine = 1:4). The reaction mixture is allowed to warm up 
to room temperature over a period of 4 hr and, in the case of water-
insoluble amines, vigorously shaken for 30 min. The water-soluble di
alkylhydrazines are obtained by the fractional distillation of the reaction 
mixture, those less soluble by extraction with petroleum ether. 
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Preparat ion in a n A n h y d r o u s M e d i u m 

According to H. H. Sisler, chloramine can also be made to react with 
anhydrous amines by allowing a gaseous mixture of ammonia and chlora
mine—prepared from ammonia and chlorine—to pass into the liquid 
primary, secondary, or tertiary amine. This results in the formation of 
alkyl- (20) and unsymmetrical dialkylhydrazines (21), as well as 1,1,1-
trisubstituted hydrazinium chlorides (22). Gelatin and permanent bases 
(such as NaOH) are not required in this case. Diethylamine occupies a 
special position (21) in that it rather surprisingly only yields mono-
ethylhydrazine. Table 4 gives a list of the hydrazine derivatives prepared 
by this method. 

T A B L E 4 
Hydrazine Derivatives Prepared with Gaseous Chloramine 

% Yield 
calcd. 

w.r.t. NH2C1 

Methylhydrazine 49 

Ethylhydrazine 68 

Isopropylhydrazine 50 

1,1-Dimethylhydrazine 71 

1,1-Diisopropylhydrazine 

N - Aminopiperidine 

1,1,1-Trimethylhydrazinium chloride 95 

1,1,1-Triethylhydrazinium chloride 99 

1,1,1-Tri-w-propylhydrazinium chloride 85 

1,1,1-Tri-n-butylhydrazinium chloride 

1,1,1-Tri-n-heptylhydrazinium chloride 

1,1-Dimethyl-1-phenylhydrazinium chloride 99 

1,1-Diethyl-l-phenylhydrazinium chloride 65 

1,1 -Dimethyl- 1-p -tolylhydrazinium chloride 99 

1, l-Dimethyl-l-(2-hydroxyethyl)hydrazinium chloride 99 

1, l-Diethyl-l-(3-hydroxypropyl)hydrazinium chloride 99 

1,1 -Diethyl- 1-cyclohexylhydrazinium chloride 95 

N-Amino-N-methylmorpholinium chloride 80 

If the nitrogen is tertiary and forms part of a ring system (e.g., 
pyridine), no reaction is generally observed with chloramine (21). Pas
sage of chloramine into pyridine at room temperature for longer periods 
does, however, afford a small yield of 2-aminopyridine (24), and this 
C-amination appears to be a general reaction undergone by heterocyclic 
compounds possessing aromatic character. Quinoline gives the best yields 
by this method, affording more than 40% of 2-aminoquinoline (24). 

Preparation of gaseous chloramine (23). The apparatus used is il
lustrated in Fig. 1. The glass reactor tube A is approximately 65 cm in 

Hydrazine 
derivative 
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length and 50 mm in diameter and is fitted at each end with rubber 
stoppers. At one end the rubber stopper is fitted with five 8 mm glass 
tubes, B, one through the center and the other four symmetrically dis
tributed around it. The center tube is flared slightly, and the outer tubes 

end in jets bent to point into the effluent gas stream from the center 
tube. The outer tubes are for the introduction of ammonia gas, whereas 
chlorine and nitrogen are introduced through the center tube. The latter 
is fitted with a rubber collar C, through which a glass rod D is inserted. 
This is used to remove plugs of ammonium chloride which build up in 
the end of the chlorine inlet. The reactor tube is packed with glass wool, 
loosely in the fore part and more tightly near the outlet end. This serves 
to remove completely the ammonium chloride from the effluent gas 
stream. The apparatus is arranged for introduction of cylinder ammonia 
through expansion chamber E and a differential-manometer-type flow 
meter F; of cylinder nitrogen through an Anhydrone-Ascarite tower G, 
an expansion chamber H, and a similar flow meter inserted at I; and of 
cylinder chlorine through sulfuric acid bubblers J and a flow meter at K. 
Connections within the system are made with ball-and-socket-type 
ground-glass joints. Chlorine, nitrogen, and ammonia are introduced in 
the mole ratio 1:3:30, with a chlorine flow rate of 0.01 to 0.05 mole/hr. 
The quantity of ammonium chloride produced in A as a by-product from 
the reaction of chlorine with ammonia can be used to calculate the yield 
in terms of the expression 

A NH2Cl 

% yield = [2(a - b)/a] X 100 
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where a is the total weight of chlorine introduced and b is the weight of 
chlorine recovered as ammonium chloride. 

Allowing for the equation 

2 N H , + C l t = N H aC l + N H 4C 1 

the yield varies from 75 to 95% over generation periods of 60 to 90 min. 
Preparation of alkyl- and unsymmetrical dialkylhydrazines (21). 

Chloramine (0.04 mole) (in the form of a gaseous chloramine-ammonia 
mixture) is passed over a period of 1 hr into the liquid amine (100 ml). 
The temperature depends on the boiling point of the amine and varies 
between —45 and +25° . The reaction mixture is then allowed to stand 
for approximately 2 hr, and the amine hydrochloride and ammonium 
chloride which separate are filtered off. The substituted hydrazine can 
be obtained either directly by fractional distillation, or, if it still con
tains amine, via the oxalate. 

Preparation of the 1,1,1-trisubstituted hydrazinium chlorides (22). 
A stream of chloramine-ammonia is passed into the liquid tertiary 
amine until a sufficiently large quantity of the hydrazinium chloride has 
separated. The reaction temperature varies between —30 and +40° , de
pending on the boiling point of the amine. The salt is filtered off, and 
further crops may be obtained by evaporation of the amine. The prod
uct is separated from the ammonium chloride present by solution in ab
solute ethyl alcohol. The hydrazinium chlorides can be recrystallized 
from aqueous alcohols, aqueous acetone, or alcohol/acetone; if they are 
hygroscopic, they are first converted into the iodides or other salts. 

Act ion of C h l o r a m i n e o n Phosph ines 

Tertiary phosphines react with gaseous chloramine to give an almost 
quantitative yield of aminophosphonium chlorides [R3P—NH2]+C1~ 
(25). Triphenyl-,tri-n-butyl-,cyclotetramethylenephenyl-, and cyclo-
pentamethylenephenylphosphine have been converted in this manner, 
either directly or in ethereal solution. 

O-Alky l - and O-Arylhydroxylamines from Chloramine 
and Alkoxides or Phenoxides 

O - A l k y l h y d r o x y l a m i n e s 

McCoy (4) has shown that the action of sodium hydroxide solution 
on chloramine results in the formation of hydroxylamine, which can be 
isolated in small quantities as cyclohexanone oxime by the addition of 
cyclohexanone. 
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N H 2C 1 + O H 9 N H 2 - O H + Cl© 

In the absence of the ketone, the hydroxylamine immediately reacts 
with unchanged chloramine in the presence of sodium hydroxide to give 
nitrogen and ammonia. According to Truitt (26), alkoxides sometimes 
react with chloramine below 0° to give modest yields (1-5%) of O-alkyl-
hydroxylamines; in other instances no hydroxylamine derivative could be 

N H 2C l + O R © -> N H 2O R + Cl© 

isolated and it must then be assumed that the O-alkylhydroxylamines 
initially formed undergo complete or extensive decomposition. Accord
ing to Theilacker and Ebke (27), these compounds can, however, be 
prepared in useful yield by the reaction between ethereal chloramine and 
a solution of the alkoxide in the corresponding anhydrous alcohol if the 
reaction is carried out at room temperature or higher (in the case of 
higher alcohols) in the presence of an excess (10-30%) of the alkoxide. 
The sodium alkoxides are the most favorable; potassium alkoxides afford 
lower yields. The O-alkylhydroxylamines prepared by this method are 
shown in Table 5. 

T A B L E 5 
O-Alkyl hydroxylamine s 

Alkyl Reaction 
temp. 

% Yield 
calcd. 

w.r.t. NHjCl 

Methyl 20° 32 
Ethyl 20° 29 

n- Propyl 20° 38 

Isopropyl 20° 38 

n-Butyl 20° 46 

Isobutyl 20° 37 

sec- Butyl 80° 34 

tert-Butyl 80° 44 

n -Octyl 80° 26 

sec-Octyl 80° 26 

Benzyl 80° 51 

Cyclohexyl 80° 25 

Preparation at room temperature. The solution of alkoxide from so
dium (6 gm) and the corresponding dry alcohol (250-300 ml) is added 
to a solution of chloramine (10 gm) in ether (approximately 500 ml) 
dried over calcium chloride, and the mixture allowed to stand for 24 hr. 

Preparation at 80°. Sodium (6 gm) is dissolved in the corresponding 
dry alcohol (250-300 ml), and the solution diluted with dry dioxane 
(200 ml) if necessary. The solution is placed in a 1-liter three-necked 
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flask fitted with stirrer, dropping funnel, and fractionating column 75 cm 
long, and heated to 80°. A solution of chloramine (10 gm) in ether (ap
proximately 600 ml) is added dropwise over a period of 90 min with vig
orous stirring, so that the ethereal solution does not come into contact 
with the hot walls of the flask. The chloramine reacts immediately, 
while the ether distills off through the column. Heating is continued for 
15 min after the addition of the chloramine and the mixture then allowed 
to cool. 

If the alkoxide is insufficiently soluble, half of the sodium is used 
first, followed by half the chloramine solution, then the remainder of the 
sodium, and finally the remainder of the chloramine solution. 

Work-up. The mixture is filtered, the filtrate completely distilled and 
dry hydrogen chloride passed into the distillate; this results in the initial 
precipitation of a small quantity of ammonium chloride, which is im
mediately filtered off. When the solution is saturated, the O-alkylhy-
droxylamine hydrochloride either separates in crystalline form and can 
be filtered, or remains in solution. The solvent is then distilled from the 
mother liquors or solution, down to a volume of about 50 ml and this is 
further concentrated on a water bath until one drop on a watch-glass 
solidifies on scratching. The sirupy liquid is now allowed to cool over 
phosphorus pentoxide in a desiccator, and the hydrochloride purified by 
sublimation or crystallization. 

The free bases are obtained by the dry distillation of a mixture of 
powdered sodium hydroxide and the hydrochloride, either at normal 
pressure or under vacuum. They are colorless liquids, which do not re
duce Fehling's solution even on heating. 

O - A r y l h y d r o x y l a m i n e s 

If analogous reactions are attempted between sodium phenoxide and 
chloramine, dark tars are obtained. In contrast, the previously unknown 
O-arylhydroxylamines can be prepared from 2,6-disubstituted phenols, 
by allowing the sodium phenoxides in the fused phenols to react with an 
ethereal solution of chloramine at 100° (28). Whereas the p-position 
need not be substituted, a free position ortho to the phenolic hydroxyl 
group gives rise to o-aminophenols. More strongly acidic phenols such 
as 2,4,6-trichlorophenol do not react as the sodium compounds. The few 
O-arylhydroxylamines prepared in this manner are shown in Table 6. 
They are colorless, crystalline, stable compounds, which do not reduce 
Fehling's solution but are affected by mineral acids. 

Preparation of the O-arylhydroxylamines. The phenol (400 gm), 
placed in an apparatus identical with that described in the preparation 
of the alkylhydroxylamines at 80°, is fused by means of an oil bath at 
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120-150°; sodium (15-20 gm) is added in small portions, initially only 
as much as still permits the thorough stirring of the contents of the flask. 
If a solution of chloramine (35-45 gm) in dry ether (approximately 
2.5 liter) is now added dropwise (over a period of 2 hr), the melt becomes 
so thin after 30 min that the remainder of the sodium followed by the 
remainder of the chloramine can be added. The molar proportions of 

T A B L E 6 
O-Arylhydroxylamines 

Aryl Reaction temp. 
(Bath temp.) 

% Yield 
calcd. 

w.r.t. NH,C1 
M.p. 

2,4,6-Trimethylphenyl (Mesityl) 120-150° 69 131132° 

2,6-Dimethylphenyl 120° 62 122 123° 

2,6-Diethylphenyl 150° 43 93° 

2,6-Diisopropylphenyl 120-150° - -64° 

Na:NH2Cl should lie between 1.1 and 1.3. When all the chloramine has 
been used up, stirring is continued for another 15 min and the excess of 
phenol distilled off. As soon as the boiling point rises, the residue is al
lowed to cool, dissolved in an ether-water mixture, made very weakly 
alkaline with hydrochloric acid, and the ethereal solution separated and 
dried over sodium sulfate. Crystallization usually sets in on evaporation 
of the ether, and invariably when the residue is distilled in vacuo (b.p. 
30-40°/12 mm higher than the corresponding phenols). Purification is 
accomplished by crystallization from ligroin, alcohol, or water. 

Reaction Between Mercapto Compounds and Chloramine 

Although mercapto compounds are not suited to the reaction with 
chloramine on account of their instability to oxidizing agents, well-de
fined products can be isolated in some cases. Thus reaction at 0 to 45° 
between the salts of dithiocarbamic acids (29) and of mercaptobenzo-
thiazole (30) with chloramine in aqueous solution gives derivatives of 
thiohydroxylamine, possessing the following structure. 

> N - N 

C - S - N H 2 or C - S - N H 2. 

s -s 

Aldehyde Chlorimines 

Like hydroxylamine, chloramine is capable of reacting with aldehydes 
to give chlorimines. Raschig (31) and Forster (32) obtained oily benzal
dehyde chlorimine in this manner, and on this basis Hauser (33) de-
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veloped a simple process for the preparation of the chlorimines of both 
aromatic and aliphatic aldehydes. Shaking an approximately normal 
aqueous-ammoniacal chloramine solution (threefold excess) with a solu
tion of the aldehyde in ether at 0° affords the fairly pure corresponding 
chlorimines in yields of 70-90% within a few minutes. 

4-Chlorobenzaldehyde and a-chlorocinnamaldehyde require the pres
ence of a little alkali; this must otherwise be avoided, since it causes the 
elimination of hydrogen chloride, resulting in the formation of nitriles 
(34). Nitrobenzaldehyde and nitrocinnamaldehyde only react with chlora
mine in acetic ester and dioxane, respectively. The condensation using 
ether or acetic ester as solvent fails in the case of 2,4-dinitro- and 2,4,6-
trinitrobenzaldehyde, 4-methoxynaphthaldehyde, and a-bromocinnamal-
dehyde. Impure products in poor yield are generally obtained if the re
action is effected in alcoholic solution in the presence of sodium bicar
bonate; this process represents the only route, however, by which p-di-
methylaminobenzaldehyde chlorimine can be prepared. 

Formaldehyde is an exceptional case, and yields trimeric formalde
hyde chlorimine with chloramine in aqueous solution (35). The mono-
meric chlorimine is formed within a few minutes at 0°, while the tri-
merization requires 1 hr (36). 

No ketone chlorimines have been prepared in this manner; they can 
be obtained from the imines with hypochlorous acid (37). 

There are, in addition, a number of individual reactions of no prac
tical significance, such as the addition of chloramine to diphenylketene 
to give diphenylchloroacetamide (38), the formation of diazocamphor 
and diazodeoxybenzoin from isonitrosocamphor or benzil monoxime, re
spectively, and chloramine (32), and the formation of phenyl- or p-nitro-
phenyl azide from benzene- or p-nitrobenzenediazohydroxide and chlora
mine (32). 
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