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ABSTRACT

In this work the reactions betwsen various phosphorus (IIT)
species and dimzthyl chloramine have bsen studied. In all cases the
phosphorous (IIT) species were oxidised to phosphorus (V), in most
cases by chloramination, that is by the addition of the dimsthylamino
group to the phosphorus producing a phosphonium cation with chloride
as the anion,

Ne,NC1 + PX Me NPX, " C1”

3 —_— 2

This reaction occurred in the cases of MezNPCIZ, (M32N)2PCI,

(C6H 0),P, Me _(c d YPCL, (('6 I PLIARERIR C6H5* FC1, althcugh in the latter
two cas=2s the salt was too unstable to bz isolatsd as the chloriide but
the systems could be stabalised as the tetrachlorobeorate or

-

hexacnlorcantimonatsalts, Tt is likely that dimethylchleramine

chloraminated trimsthyl phosphits to give a similzr species, but this
decomposed quickly giving chleromethene and MﬂzﬂpG(OMe)zn
e v . . PR Y
In the case .of (mezJ)3P cnlorinztion occurred giving 921;5P012

ani (Me H)Z. Fhosonhorus trichleride seemed to be an intermediate cass,

Lq

as, in the presence of excess phosphorus trichloridée the following

reaction occurred:-

6 * Mezr 312
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Introduction

The chemistry of .N halamines 1s a very broad area which has

attracted considsrable attention since the coveraze of some gides of
(1) (2)

inorganic chemistry by Mellor and Gmelin, when they treated the subject

of halogen derivatives of nitrogen. Later, because of ths halamines

(3)

in water purification, Berliner wrote about the chlorocderivativasof
(&)

ammonia with the emphasis on chloramine. Snelders has reviewed the

discovery and early chemistry of nitrogen trichloride. A more recent

(5) (6)

review had been achieved by Drago, Colton and Jones, Theilaker and

(7)

Wegner on the chemistry of chloramine which is probably the best
described M-halamine in the literature. The uses of N-hzlamines as

pracursors for ths preparation of various classss of organic compound

(8)
mas sompiled by Schmitz. An extsnsive survey of Hofmann~Loffer reactions
_(2)

was reprasent=d by Wolff, afterwards a comprzhensive work, of the

(10)
chamistry of M-halamines has been unie 1t1kyn by KXovazic.

(1Ca\
Some halamines are very toxic materials and soms ars explosive

2.g. nitrogen trichloride which is notoriously unstable, Tt was used
as a tleaching agent feor {lour until its bad effect on the activities
(1)

of th= body functions was realissd. The explosion hazaris of nitrogen

oD

trichloride has been recognised since the serious injury caused to ons
of the early investizators. Generally the explosion Hazard is eliminatesd
or grzatly diminshed when an inert solvent is employed.

The chamical reactions of halamines can be typified into VI types.
1 = rearrangemsnt, 2 - dehydrohalogenation, 3 - dealkylation,

4 - photolysis, 5 = halopenatlon agent, 6 - aminating agent.,

1 = Rearrangement:

The Hofumann~Loffer reac:tion is th2 best known vreaction by which

N~halamines provide the synthesis of certain cyclic amines. A
(9)

comprahansive review by Wolff covers the literature through the first

l."u
“am Ve
0% science °")-;\
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SECTION
Library

|
|
|




half of 196%1. The mechanism of the reaction is illustratsd by the

following equation:

c C =C
6 oy ToHCL RN
P N\ Ia:'
cCf R R
(1) (I1)
HC - CH + HC - CH . H,C = CH .,
2, (l 2 H 2| | 2 -C1 2‘, | 2 ;
H5C o H, 0 oH > H,G Cil s ;
3 s 2 3 2 c H ;
s #{ 3 4R :
NN . ;
¢17 R 1’y H I~y |
(111) (V1) W)
"H.C - CH C - C! G = Gf
oG~ St H* G - TH, Hy% = By
H.C CH o B Mc1R H.C CH v a H,C  CH,
20,2 479 y 2 s \ / ¢ +H1
' N -4 N
N 1 M\ ' y
-.\
e w/ [ & R R = t(C,Hg)

Tahe salt of the N-chloramins is homolytically cleaved under the influence

§f heat, light or some other initiator to afford aminium radicélé(II).
This radical in turn intramolecularly abstracis a.stsrically favoured
hydrogen to form an alkyl radical (III) which in chain reaction abstracts
chiorine intsrmolecularly (IV). The alkyl chloride is then converted b&
alkali to the cyclic tertiary amine (V).
Further investigations of the mechanism of this reaction showed
interesting results, like the isolation of L4-chlorodibutylamine from
N-chlorodibutylamine, and servad to suppnort the provosal. The postulated
schems was also suppofted by the results of examining several features
including stersochemistry, hydrogen isotope eifect, initiation, inhibition,
catalysis, intermesdiates and sslsctivity of hydrogen trahsfer.

1

The discovery of the rearvangsment of N,N-dichloro-ssc-alkylamines

to oeamino Keteoness, orovidss another different type of rearrangement



and a useful synthetic scheme. This rearrangement received the attention
.of a number of investigators so furthsr studies broadensd the scope and
produced an improved procedure. N-halamine substrate was successively

..reacted with sodium methoxide and with dilute hydrochloric acid:-

ROH)C HR _-HOL R CH, C R “Hl, R CH - CHR
NCL, 2fe1
H
X N H, C
, N 1
R ﬂ{IN Neg  CHjOH /7 N\ . |3
CH - CI 3 RCH=-C - R _HCL | RCHCR
/. H,0 4
0CH, 2 0

Several pisces of evidence were provided to support he postulated

f _pia .
C{=MC1)R which was

e.g. the isolation of Ii-chlorimine R CHZ.
. . . T+S1Z) e

converted to the d~amino ketone! An excellent mechanistic study of ths
1ied base{I) confirmed the original proposal. Rxposure to the
standard conditions resulted in the formation of desylamine. The
application of two degradation procedures to the vroduct providesd

unaquivocal evidence that the labellizd carbon atom was incorporated

almost exlusively in thne carbonyl group.

* *
I C,H.CH,CHC H ~HC1 s 5 oo CH ~HG:
67572765 — 675772y 65 —
NC1 G
2 19CH3
£ B3
C HCH-CC . H NaOWe 7.4 CH-CC.H
65 N 6 T 675 Ny 65
H
C.HCH - C - C_H HCL 9 ¢ -G - C,H
65\ , 65 HO CG.{S' # C6F5
N 2 17{2
H .

The Stieglitz rearrangement has received attention during a period of
time extended to fifty years. The reaction involved the formation of
nitrenes; for examnle during the rearrangement of N- halo and

(19,20) . :
N, Na. dihalotritylamines, Bengophenone anil was obsarved from the




thermal rearrangement of N,N-dichlorotritylamine.

(c,H ), C NCL, - - o
65’3 2 5 (0655)2u_1\'c6.‘{5

or from the treatment of the N~-bromo derivative with base

(C6H5)3 CN Br, Base (c6r15)2 C =N C6H5

Another application of the Stieglitz method was the synthesis of substibtuted
vhenanthridines. The Stieglitz method caused rearrangement of various

. 21
N-halo-9-aryl- and -alkyl- 9 - Fluorylamf%esz

<3§§:> N HCL ;/ngiﬂf/f”?

R

o) \\

R = CHy CgHy o ~naphthyl ? >>= MR

The causes of this rearrangemsnt are clearl& the relief of strain in the
five-membered ring and the energy gained through extended conjugation.

A recent investigation showed that it is possible fto synthesise
a cyclic imine from the interaction of N-chloro~l-methyl-cyclopentylamine

(22)

with ethyllithium,

H.C NHC1
3

NZ~ CH



ol st J it

A nitrene intermediate ias proposed in the formation of 1,l-diphenylmeth-

ylenimine from the treatment of diphenylketene with nitrogen trichlg%ggee

(06}{5)2 C=C=04+N c:13 . ((:6}15)2 <': - ? =0
Cl KCl
2
H,0
~H -C=0 - C H C-N=C=0
C1 N : c1 Y2

l_(C6H5)2 C - I‘JH2J (CgHg), € = N H
Cl

An intaresting study showesd that N-choroketimines react with silver

(24)

tetrafluorohorate in aqueous dinxane to produce amides by rearrangement.
- [y o

, 0 RS ONHR

R R 2% o
—_—> - &
- "
t 25
RS =HNR

The nitrilium ion, postulated as an intermediate.was trapped with sodium
ethoxids in aprotic solvent. Tn2 rate of the reaction was found to be

inereased with increasing solvent polarity. Considering R = C_.H

65

benzanilide was formed in yields of 65-703%.

2 = Dehydfohalogenation

Several N-chloramines have been subjected to dehydronalogenation
agents and it was foﬁnd_that if the dehydrohalozenation is followed by
hydrolysis (as is generally the casz) it gives rise to carbonyl compounds-°
This method is illustrated by the conversion of N-chloroderivative ofl

(26)
3 B = acstoxy - 20 - amino - 5 pregnene to 5 pregnenolone.




CH3

CH
i , y 0
o \' — N et -
R-CHDNHCL HC1 RwC =N
CH CH
p) \3
R - 4 - K H H,0 R-C =0
—_— -
where R =

L

5 0,4 ~HCL CH=F
R ' H COZH : 1 R H=IH
NHC1 -0,
RCH=NH HZO 5 RCHO+NH
- k) - (¥ .3

It is known that acatone and amonia are gensrated by the hydrolysis of
N~chloroisopropylimine and that this occurred probably through the

intermediary isopropylimine

- T - - \ - N
(c;{j)2 CHNHC1 HCL (Cﬂ3)2C = NH
- H,0 _
(cH;), G = M 2 (Cd3)2C=0+NH3

Acetone and chloramine are formed when the product of the treatment of

. 28
N, N-dichloroisopropylimine with aluminium chloride is hydrolyged?

LR}

5 —_——— 2 (c4,), C = NC1.
-HC1 32

) H,0

CH,), C = NCI 27 - - . y

(C5), —2 (ci;), CO + 1H,C1

(CH3)2 CHNC1



‘Nitriles are foruwed from ald-chlovimines of the type shown by the

; (29,30)
following equation (by thermal decomposition or exposure to base)

R CH = NC1 ~HCl RC =N
and, N,N dihalamines containing at least A carbon atoms produce nitriles
when treated with caesium fluoride,
R CHZNCl2 CsF RC =N,

N,N = dichloro-n-butylamine gave the nitrile in 90% yield.

3 Dealkylations:-

The deallrlation nf N-haloalkylamines in asidic media is not. reporteAd

in many papers in the literature, but in an investigation of the
Hoffmann-Loffler reaction, non-radical disproportionation of (n-Bu)
(32)

was observed in the presence of sulphuric acid. Tha

2
NC1 to N—BuN012

indicatasd outline of the reaction pathway is presented in the following

equations
Bu NHC1 + H.O . BuMHCl + H,0 + C, Fragment
2 - _2 - FA] yl A3 4 - ° L]
- + - +
BuMHCl + H - e BuNHzﬂl
BUNHCL + Bu_iHC1 BuNCl. + Bu, H
o'+ _— i) 2%y

4 Photolysis :.

The photochemistry of N -~ halamines has not been studied-
extensively and was concerned with the simple molecules such as
chloramine and nitrogen trichloride., The photolysis of chloramine
at =190° with ultraviolet light gensrates NH, (MNitrogen monohygg;ge)g
and MH was proposed as an intermediate in the thermal decomposition of
NH201 at 500o in the presence of carvon moﬁoxide. Hydrozen cyanate is

producad as the end product. Organic solvent can be chlorinat=d by




nitrogen trichloride if the latter iz exposed to light. In carbon
e A . N .0 3 ,
tetrachloride the decomrosition was of a simple,type; first order with
an energy of activation of 32 'kéél, giving rise to nitrogen and
o {35) . :
chlorine. In the presence of an algohol, th= corresponding carbonyl

(34)

compound was formed along with ammonium chloride and hydrogen cloride.

4n extensive study of the photodscomposition of nitrogen trichloride

in the pressnce of chlorine established that chlorine was acting as a
photnsensitizer and the chain mechanism is illustrated by the following

equations which are of zero ordsr :-

Cl, + hv 2 C1

i TS

Nul3 + C1 5 hulz + 012
N(‘l3 + N"12 _ , N2 + 2012 + Cl

5 Halogenation Agents

N—-halamines have bezn used as halogenation agents for aliphatic and

aromatic compounds. Alkanes as well as estsrs, alkyl halides, and

(37,38,39) or

ethers were found susceptible to facile chlorination

(37,40)

bromination with (CHB)QNX (where X = C1 or Br) in the presence
of sulohuric acid, usually with Fe(1ll) or light as the initiator. The
proposed mechanism is essentially the same as for the Hoffmann Loffer -

0 ¥ . - ] v + ~
reaction, exzept that the amins radical cation (CH,),N"H. abstracts a

| 5)2
hydrogen atom intsrmolecularly from an alkane, forming the
dimethylammonium cation and ths radical R. In comparisoﬂ to the Hoffmann
Loffer reaction the aminium radical cation abstracts a hydrogen atom
intrgmolecularly.

. (38
‘The suggested mechanism is dostulated in the follow1ngrequatlon2—


http://Alkar.es

+
(Cﬂs)zf\wf Fe(1l) o (CH) NH

(-=C12_:F

(C"3’ N + R H S (QH5)2 i,

The generate=d radical interacts with the protonated dimethylchloramine

‘to form an alkyl halide and dimethylamine radical cation:

T +' ~ .+
R. + (CrI3)2N HC1 RC1 + (CH3)2N H

Another study suggested that halogenation vrocsedesd via the¢ chlorine

atom as the chain-propagation spscies, shown by the following equations:-

X, + RA HY + R’
%7 4+ W < &
RZNUH + HX XZ + thhz
R. + X RX + X.

2 —s
This hycothesis .was bas=d on the isomer distribution from various metal-
ion-initiatsd chlorinations by various chloraminzs. Also the orientation
was similar to that obtained from photochlorination in which the chlorine

atom in chain prodazation was involvad,

bat)

A more recent study supports tﬁa original mechanism and shows
that the chlorination vrocess takes place by a radical chain process,
in which aminium radicals are ths principali aydrogen abstracting species,
rather tnan considering the calorins atom as the chain-propagation
species. This evidence was achieved by Spanswick and Ingold through the
investigation of NMN-halamine halogenation of 41 ~ chlorobutane in sulphuric
acid -~ acetic acid. it was proved that a concﬁrrent éhlorine atom peress
could occur resulting from impurities in the N - halamine (molecular
chlorine, hydrogen chloride; or chloride ion).

Beazylic chlorination occurs when ring substituted toluenes are

exoosnd to N~chloropiperidine in SulDﬂlFlC acid-acstic acid under

photolytic conditions. ' -
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N-halanines have baen reported as halovenatlon agents for olefins
e.g. 0lefins combine with nitrogen trichloride to glve}B-chloroamlnes in
(4h,23)
low yield and unspecified amourits o7 d¢c“10r1de. In more recent work
nitrogen trichloride has been shown to provide a simple means for the

preparation of vicdichlorides in a very rich yield from certain types of

olefins as shown by the following equations:-

CH =Gk e SHC1CH,C
3RCH =CH, + 2ICL, 3% SHCLCH,CL + N,

Acstylenes undergo chlorination with nitrogen trichloride to give

(46)

vicdichiioroalkenes praavminantly.

amines shows some interesting results sincs the interaction with primary

and sszcondary amines oszurs maraly via an 2ucherge rzacticn (4 ant X).

In the cas:z of tertiary aminss there iz soms doubkt. In the aromatic

category the nuclear chlorination occurs as well as a side chain attack,
L (50,51 ,52)

as in the case of benzere and toluene with nitrogen tridhloride,

Bromobenzene is formed from the reaction betws=en benzene and

K-brorodimethylamine and aluminium chloride:-

AC1,

o Br

+ (CH3)2NBr

Phenol produces chlorcphenol if it is treated with N—chlor041ethy1am1ne

. . (55
or with N - chloromorpholiln:-

OH ‘ 0
Y e
(CH ), M) e
i \/ Cl
or
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As in the already mentisned case protonated N-chloromorpholine is
reported to be the actual agent invoivede

6. Aminating Agent ' -

N-halamines as aminating agents were found to react with several

species of chemical compounds., One of the early experiments in this

field was the amination of mefhvlcyclonexane by nitrogen trichloride and

(56,57)

aluminium chioride to produce 1 -amino-1-methylcvclohexane (yield 70-80%).
From the practical point of view it was important to add nitrogen
trichloride to a mixture of methyl cyclohexaﬁe and aluminium chloride

\
(103.,'
in the wrlar ratio 1:2:2 ; the reaction is shown as in the followia,

+ -
[ -]
C1,F + AlCl, eomrzzy CLN...A181, === CL(SIL,NAICL,)

_-/\,‘-_ T

i a3 LH

! f H - + :

\\\///' .

. T

T\, CH CH

+ 3 N1 ‘\\1~ 3N"

N L

As shown in the eguation above, c1" affected the hydride ion abstraetion,

a k] o

then fwecleophilic atteck occurred by the dichlorawide ion, follow

b
Cu

exchange reaction generatingz the vroduct 1-amino-—-1-methylecyclohexane.
Although the exact nature of the nitrogenous nucleophile is not known,

,li-dichlorocyclonexylamine from cyclohexane ard

isolation of K
N,N-dichloro-l-adarantylanine from adamantane suggesis involverent
of the dichloroamide ion., A similar reaction of nitrogen.

trichlorik-a2luminium chloride znd alkyl halides produces primary and
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(60,61)
secondary amines and aziridines; devending upon the subs 1rate used,

An example of this is the reaction between t -butylchloride and nitrogen
trichloride - aluminium chloride; t-butylamine is oroduced in a 90%

yield after the reduction of N,N-dirchloro t-butylamine which has been

(60)
isolated.
AlCl HCJ'
(cH,),CcC1 3 (cH CE Cer T
3’3 ——y 3035 25 (CEg), S, (C’r’B)BC-H2

~C1°
The reactions between Grignard reagents and various N-halamines produce
amines. The kind of amines produced either orimary, secondary or
tertiary depends on both the Grignard‘reagent and the MN-~halamine chosen.
Tor example M-butfirignard reagent and different types of N-halamine

(62,63.6L)

IH X(Y_Cl Br) prcduce primary aminés, T'HBr2 and nitrogen trichloride produce
primary and sscondary amines, wh=zn CagTCIH is treat=d with (n~u4uq\
Mg X it yields primary, sscondary and tertiary amines.
M-chlorodialkylamines provide secondary and tertiary amines.
M~chloroalkylamines give orimary and secondary aminss,
The greatest amount of primary amine preoduced, near SCF%, occurs when

h

dialkylmagnesium compounds ars trsated with chloramine, Phenyl ( rlgnard
reagents give low yields of a§1né. On attempting the rezction of phenyl
magnesium bromide with several N-chlorcdialkylamines, for example

dimethyl and diethyl-chloramine, no aniline derivatives were obtained:-

It is found that the sizé of yield of amine dzrived from RMgX with
variation is X is C1»Br>I for a given N-halamine which may be a
reflection of steric factors ard the carbonionic character of R, The
formation of amines presumably involves ihe halogen on the amine leaving
as a negative entity through SF2 attack, The following two_equafions

' 2)
were presented by Coleman and Hauseri-




RMgX + NH.C1 NH. + MeXCl
RMgX + NH,C . » RNH, + ¥gXC]

RMgX + NHQCl RC1 + MgXMH

2
The difference in the value-of the_yield of the primary amine when the
N-halo-atom 1s changed was rationalised. Substitution of bromine for

chlorine in monohalamine decreases the basicity of the nitrogen thereby

discourzging the nucleophilic attack at that site. The absence of aniline

derivatives when a phenyl Gringnard reagent is treated with
dialkylchloramines is apparently due to steric factors and to the
inductive effect of the alkyl substituents. If we return back to the
previous two eguatiens we can notice during the generzticn of amine that

the halogen in the M-halamines is of a dual nature, exhibiting either

anionic or a cationic character, whereas when the alkyl halide is obtained

5

the amino~grous is disnlacsd. Botn reaztions occur tegether since
ammonia prodiction was found to ingrease with the decrease of the amine
formafion" Primary amine is formed from the reaction tetween
organometallic compounds e.g. organo-litkium or organozinc compounds

with MN=halaminzss:-

RY + NH,Cl _____ RNH, + 01

where ¥ = Li,Zn.
The treatment of zinc alkyl with nitrogen trichloride generates primary
and secondary amgzgg whilst with dialkylhalamines hydrazine and tertiary
amine {ormation occurs with alkyl potassium complexes:-

[(CH3)2CF] K+ [(CHB_)ZCH]QEA : [(csj}zclﬂBN

| | [(01{3)20}{]2 NN [(CH3)2C.H]2
Tt has been found thet the yields (3% amine and 4.5% hydrazine) are low.

The reaction of N-halamines with various unsaturated compounds
such as: olefins, acetylenes,x,B-~unsaturated ketoness acids, and kgtenes,

invclves addition to the double bond.
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Coleman and co-workers made an extensive study of the reaction of
(4k,71,23) ' '

nitrogen trichloride with carbon-carbon doi:ble bonds. It was found that
nitrogen trichloride added a molecule of chlorine to the folloving
olefips:- 1 - anéd 2 - butene, ethylene, propylene, 2-pentene,
isobutylene and cyclohexerie. The products were P-chlorcalkyvlamines which
apparently were derived from the corresvonding N,N-dichloro derivatives
as the primery adducts; Treatment with concentreted hydrochloric acid
effected the conversion to amino salt. Markovnikov's rule concerning
unsymmetrical olefins was followed by chlorine being added to the least
substituted carbon atom arnd by nitrogen becoming affixed to the other
position.

Cther weork--nas been cerried out on the addition of halamines to
olefins by mears of radicsl intermediates, The photochemical addition
of chloramine tc cycliechexene resultsbigﬂthe procduction of trans-2-

. (72)
chlorocylcohexylamine (&) and of neutral oroducts. The Tollowing

mechenism was prostulated.i~

23 -
NHZCl — NHZCI —_— Hﬂé + C1°
' NH
, re - ""H . 2
Ci. + » el 2.
Tl

The redical addition of K-chlorodialkylamines was found to occur with

terminal olefins in a sulphuric acid-acetic acid medium: two cormpeting

reactions are invcolved:=-

] H,S0 .
R NC1 R.I'H + Cl.
HOAc ‘-

’ o+ '
Then a freewradical addition of the ion radicel R2N H hepperned to the

n

terminal olefin in a chain orocess as follows:—

, LR oot o B f R NEC1L . |
CJQ =C -+ th q » RZNhChQ vt _2 R.MN'HCH, C Cl1-

~x — X = 72 2

X
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The other reaction proceeds via anionic chlorine attack.

] i
H H * _ Cl -C-C =C -
i | + { + (\) /*Y‘—,/” (I ;
e R N A
OAc

(where X = F,Cl,Br,Si(CH3)3)

It is of interest to note that the aminium radicel displayed little
tendency to participate in the intermolecular hydrogen abstrzction
reaction,

R.3. Neale found that allenes undergo 1,2-radicel addition with
N-chlorodialkylamines in a sulphuric acid-acetic acid medium. Aminiun
radical attack results in nitrogen becoming affixed to the least

substituted carton dtom, e.g. the reactions between N-diethylechloramine

and allen produced 2 ~chloroallylamines as shown in the followirg

é ﬁlon'
(C,H.), NC1 +CH, =C = CH (C,H.}, KCH, C = CH
275°2 "2 - v2isle My T Y2
C1

Y

When R.8. Neale treated acetylenes with N-chloramines in some acidic mediez,
o(-chlore~cartonyl compounds were gpnerd{ g One mechanistic possibility
o enteils the formation of ar emamine via the participations of the aminium

radical (the emamine not having been isolated):-

. PR + ~ E,O _ .
R,NC1 + R C#®CR _H [R2N - 7,~ c' c1) 2 0 = c, 9{301
R" R R® R
wheres R= 't Pl_ 1w 'n/ = n-0. H Ihr-r‘;\
Caw dt= Dby v - “., IV e ) U2+_;9 \ _), J
s &
R=R =R = Et (59%)
7
R=Et, R=H, R = (cH3 3 (60%)

. A recent work on the aminetion of aromatic compounds with the
N-helamines was achieved by three groups:- Rock and Kompa, Minisci and

co=workers, and Korascic and co-~workers.
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Nuclearamination with the N-chlorcdialkylamines hes been
investigated extensively by three principal] technigues:-

1) Using 96% sulphuric acid

It was found that N-chlorodimethylamine and phenyl derivatives produced

N;‘;dimethylarylamines in a yield of 20-80% generally shown by the
(79)

following equation:-

£

z
HS -
@ + C1MR, 2, RN+ HOL

In the case of toluene the distribution of the product was ortho:meta:
para = 9 : 53 : 38 No jpdificetion of the high meta content was shown.
Two possibilities were suggested for the aminating species depending

upon the sight of-orotonation as shown by the two following equaticns:-

o1+ ut :
1) R,NC1H = RN+ HCL

- R.E'H +C1°
+ / 2
H ————
T R,NH + c1?

2) Photolysis

A mixture of N-chlorodialkylamine, cold sulphuric acid and toluene gave
nuclear amination pfoducts in almost the same yield as for the thermal
decomposigzzg of the same mixture. The orientafion ortho:meta:para =.
9 : 53 : 38 from the two routes suggests that the same reaction
pathway is involved. Neither the formetion of the chlorine nor the
side~chain halogenation was noted. The same isomer distribution was
obtained from the amination of toluene with N-chlorodimethylamine in a

-)+ .- .
redox systen, R2N H was proposed to be the attacking species.
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3) Using excess of aluminium chloride and nitroalkanesolvent.

The third method of nuclear amination involved N-chlorodialkylsmine,

- (78)
excess aluminium chloride, toluene and nitroalkane solvent. It was found

that there was a difference-in the orientation, an increase in the para

isomer (at the expense of meta:). The orientation was ortho:meta: para

14: 27: 59 which could be compared with the almost equal o~ and p~ content

of the result of amination of toluene with amino sulphuric acid,
(NH20803H Y. With NCI3’ AlCl3 as an aminating system 100% m~toluidene was
formégijand with other alkyl arernes similar orientation was féggg.
With N,N-dialkyl halamines although m-isomer was ndted, the high
m-orisntated yields with NCl3 were not reproduced. The decrease in the
m-orientated product yield was attributed to electrophilic amination or
free radical reactions, competing with the o~ substitution reaction,

The reaction of aldehydss and ketonesﬁith chloramines is an

interesting practical work, since the ald-chlorimines are merely an

H
! -H.0
RCHO + NH.C1 _ RCENHCL __. 2° _. .RCH = IMC1
2 —_— , — 2 =
0

(84)
On reduction RCH = NC1 oroduce RCHZNH,. Keto-chlorimines are

prepared via the amination of the Ketonic compound by NH201. The

" Keto-chlorimines formed generate primary amine by reduction:-
-~-H,0

CH = YH, O ’ ‘RCH = KC ] CH.NH,. : =
RCH = 0 + m2 1 2. RCH = kol [H] R Hzmz HC1

Keto-chlorimines are alsc prspared by the action of chlorine or

. /
alkyl hypochlorites or. the compcunds of the tvpe RWC = NVgX as follows:-
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A review by Drégg)showed that hydrazines can he synthesised via

the rea~tion of chloramine with amines as the following equations showi-

NH,C1 + 2 NH, -, NHy - NH, + MHC)
NH,C1 + 2 R NH, RIHIH, + RIH, C1
MH,CL + 2 RVH  ____ R,NNH, + R,NH,C1
NH,C1 + RyN o Ry o1

- Schiff bases react with chnloramine dissolved in ether to generate

diaziridines which are cleaved by dilute acid to produce alkylhydrazine

and an aldehyde:- H
N
u r‘/ \]- 12 +
= i\:'C i T' o u{ - _'T -_I 1
C6H1BCH LF9 + 'H201 C6 13 H J Ch 9 E .
.:2 4
C ! HG + C, H_ MNHINH
ghy 3010 + C, R,

The reactions betwsen formaldehvde in 2 I sodium hydroxide

solution and the alkylemines with hyoochlorite produce Diaziridines:-

.
I'HR N - R
3 2 RNH _H HoC ' c1
CH,0 + 2 RN,  =Hp0 . H, r‘,\ oL, H, c\
NER N - R
N -
i} H
M- R M-
4 ol H c/
H2 C\ —llv =, 1-2 \
N - R ' F-R
|
H

. (88)
A gaseous mixture of ammcnia and chloramine with 1,1-dialkyl hydrazine

generated triazanium as illustrated ty the following equation:-

i by i34 R + 3
R liH, + KH,C1 . [Hz.mragmg cl
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Chloramine reacts with 2~ pyridone in the presence of a base to form

89)
a_ hydrazine derivative:=~

N + HH201 base QA
N 0 P 0

A mixture of formaldehyde oxime and chloramine generated diazomethane in
a sequence of -steps commencing with the nucleophilic displacement taking

place on the nitvrogen of the chloramine:-

OH
- I .
R,C = NOH + FH,G1 _ =01 R,C = UMH,
0H
| ~8.0
I M ONH - C =W
R2-J = J+ 1 2 -:?' n2f‘ 72

v

study in the litsrat.rs. The most cormon process appears to be nuclesophilic

substitution on halamine nitrogen by tha sulphiur compounds =.g. The

eaction of Nemonochloro dsrivatives of primary amines with metal
(1) - (52)

mercaptides. Tnls genevrates sulphinetriazine as a new ring compound:-

& A\
V4
NNHTY . 11Q R~ - C.::
CHC _ A T R
N
\\C_/
]
C .7
6’5

(93)

Recent work shows that dialkyl sulphilimine hydrochloride
precipitates when dialxyl suphides are treatsd with chloramine in

ether solution:-

Q9 ‘r' T ‘.r + -
RS + MK [RZSLd2] X .

M=halamines with sulphur compounds is not an extensive
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In alcoholic solvent sihhides react with chloramine and generate the

9k

hydrocloride of bis (iminodialkyl sulfi 11m119) -

. ) -—. — —
2 R,S + 4 MHC1 N [(stz\rdzm)z] HC1 + 3HCL.

Nitrogen trichloride reacts with diphenylthioether to generat=z bis

(95)

(diphenylsulphide) nitride trichloride:-

(f‘6rf5)§+NCl5 [(J6ﬂ5 Snl-)(u )] 01

In a buffierzd aqueous solution a new type of N-halo compound
(N,N-dihalogsno-$ .S-dimethyl sulphur diimide) was arepar=d by

halogznation of dimethyl sulshur diimide:-

CH .
3 . :\T ILI CT{3 a\‘!—x
N Z KGO, N A
3 + X2 2 s : S
/ Q§§> v §§§
CH ¥ H CH "M
5 ' 3 X
With phosphines and sulphides:-
CH X .
3 | CH,
P \s 7 rpnw |
Rgs * . —_— l;‘:s:ua]zx
TS L
UHB NX LI,
CH,
CH X 3
N | 2 X
N = - MQ
st + S N > RySN = S = R__]
/N i —
ot N CH
1 "x 3

Tness compounds underweat nucleovhilic substitution. Bock and
Kompa generated various amino thiocyanates according to the following
(97)

equation:-

RIC1, + 2 NH, SCN RN(SCN)2 + 2NH,CL __
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(99,100)
The c¢hloramination of arsenic compounds with chloramine and (CH3)2N01

was reported. Th2 following equations show the reactions between
101)

NH,C1, (CHB)QNCJ and arsines containing As - H bouds:-
ASH, + NHC1 _ As + NH, 1
5 2 _— [
T X[ I: \Y (94
AsHy  + (Cd3)2 NC1 As + (CH3)2 NH,C1
H,AsH, + NH.C '} M G
CHyAsH, + K, 1 , (CH3A3)5 + NHufl

CHyASH, + (CH3)2 NCl — (CHBAS)B + (CHB)ZNHZCI

or. ) I + NH.C (C S . cH.) NH C
(uHE,ZEsh + MH,C1  _ \CdE)ZA% As( Hydy + NHhc1

-
— (’Hj)e AsAs (5t ) + (Gh ) M, G

The halamins abstracts the hydrogen f'rom Ls-H honds,

Dipnenylarsine and tripnenylarsins reacts with chloramins to give aminoar-~

sonium chlorides a,g:-

delgly As 20 (CgHis)s

Various substitutsd stidbines cowmbine with chloramine to produce compounds

of the typse {.P So("l)‘! 2NHas shown below. -

R,Sb + NH.C1 . R,SblmH

3 2 3 ~1'2) Cl

b (¥H,, )C1 sh(c1)) . NH + I
2 RgSb(RH,)CL _ [hjlb( 1)J o M+ Ny

Phosphorus compounds and N-halamines combins in a variety of ways.
¥nan an aryl phosphite is treated with N-chlorodialkylamine an

addition compound is ganpgatea

(06450)3 P + Et,NC1 : (CgH0); P(Mmt,) Cl.




An alkyvl phosphite reacts further:-

) Bt N I E
(.xco)3 P + Bt,NC1 5 Bt Npo(om )y + EtC1

Trisubstituted phospnines and chloramin=s give quaternary aminopnosphonium

chlorides in a high yield which in som= cases are hard to isolate because

(103)
of facile hydrolysis:-

+ . -
RSP + NH,C1 [‘ R3mm2] cl
[» o | P H, G
LRBPI‘.nz }01 + 1,0 . BP0+ MESL

Trishydroxymethylphosphine with dieshyleinloramine forms the

. . . h ) .. Al 22 * o~ i e 1A
corr‘espondlng aninonnosnnonium cnloride in a 9_‘)__.., vialas

o

The product loses a molecule of {ormaldehyde and of hydrogen chloride

(104 )

/7

vnen treatsd with tx 1Pu¢]1am_ne:—

[(un OH); PR(C,H )] CI (PH},B__Q (HOCH,), PN(C,H,), + CH,0 +

(02H5)3 N . Ml

Pnenvlphosoh ine and diohénvlohospine fail to give the analogous addltlon :

products with diethylchloramine., This is attributed to the decomposition

of the initially formsd adducts:-



P + (CoH), NC1 ' Ezgﬂ.\r(cz%)z] * et

ﬁzpm(cgﬁ )2 + HC1l- .

;zizpcl * (C'ZHS ) oM

Phenylohosphine and diphenylphosphine produce tetraphenylphosphetane

and tetraphenylhiphosphine respsctively when treated with

. : (1052
dimethylchloramine or chloramine:-

—— + 4 R,NH,CL

N1
LI- CsH P:"I +-)+ RZJJ.-.

5PH, : (06H

570,

2 (CGHE)QPH + R,MC1 - (céﬁs)zpp (cés{,j)2 + RyNH,C1

(R = CH, or H}

Phosphine gives elemsntal phosphorus with dimsthylchloraamine and
polymsric phosthorus hydride with chloramina:-

Nl - Y NH
NGl 2P 4+ 3(01{3,21\.11201

Yith nitrogen trichloride and trinhenylphosphine as prscursors, bis

(106)

(triphenylphosphine) nitride trichloride is synthesised:-

+
£ o1 n A e Cr 0\ P’l I\I—l Cl—
\-.:61'15/3 Pl | 4-1-5 ,11_\C6 15,3 J2 J 3

Diphenylchlorophosphine combines with a mixture of chloramine and

ammonia to form compounds, which on heating are converted to trimers
o (107)

and tetramers of the empirical formula (Csﬂ5)2Pﬁ. The reaction of

ammonia—free chloremine ‘and diphenylchlorophosphine proceeds as

23



2L,

illustrated:-
(CgH, ),PCL + NH,CL _ [_(Esds)zp(c:l)er] CL  _-HCL .

(0635)2901}12)(01)NHP(01)2(0635 )2

Pyrolysis of the product yields the trimer and tetramer,

[(0655)213}4] 5 end [(C6H5)2PN] ,, Tespectively.
Although theoretically, the reaction between aminoph~zphines and chloramine
presents the possibility of eitner a nitrogsn-nitrogen or a
phos~horus-nitrogen bond being formesd, amination always occurs at
the phospnorus site:-

st.?(céﬁs)2 + ¥H,C1 [RZZ\'P.F‘{2(06 5)2 ‘ Ccl

A similar pathway was followed with (RZN)Z P C6H

or (R,N), P
5 (2)3'

0 . . - -~ . f
The yield of aminophosphonium chloridss range from 43 to 7%%.
Amination is shown to occur on phosphorus by the examination of the
products obtained through basic hydrolysis of amino-t-butylaminodipheny-
1phosphonium chloride:-

+ H20 + OH 3

7+

[(HZI\') {(t-chﬁg)rm} (Ceh, ),?)

(C6H5)2P(o)0H + sz3+ t-chﬁgx\fﬂ2
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If amination occurrs. on nitrogen, t-butyl hydrazine will be generated
instead of t-butyvlamine, Acéording to the reaction between the mixed
phosphine, (CZHS)gP(Cl)(C6H5f’ and~i.mixture of chloramine and ammonia,
the following equation is proposzd, since P-C1 bonds are subject to

rapid ammonolysis:-

~NH, C1 (c ) I“'Pm_o(c )
Cl
Vd
C, F. ), NP + 7NH
( 27572 N\ 3
G.H
65
. T‘TH n ?__r NP /', I -’
[( Cglly )P (2, )50 H, | GL
Dnmetnylamlnoonoaonl and dimsihlschloramine behave analogously

1)
ts:-

(

1
giving phosohonium sal

(CHy ), NP(CH, ), + (CHy)pRoL L{_(CH3)2N}2P(CHB)2J c1

[(CH3)21\:]2 P(CH3) + (CH3)2 i [[( d3)211}3 (cH )] cl

Amination takes place on the ohosphorus atom of the hydrazinephosrhines

by chloramine:-
), PH(CH, ) N(CH -+ MY
(C6H5,2PII(J113) 1~(L,._3 5 -+ MH,CL -

‘(c 5 )P, N(CHB)N(CHB)Z] -
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The amination of the plosphorousatoms in the aminophosphines and the
hydrazinephosphines by chloramine aemonstrates that the electron
density on the phosphorus i§ increased in relation to the attached amino
nitrogen atom; probably through p § -4 3 bonding. Furthermore, the
other nitrogen atom of the hydrazino group is a less preferred sight for
reastion,

Mitrogen trichloride reacts with phosphorus trichloricde to

: . (113)_.

produce [61,p=N-pc1l,] * [Foig]
Generally phosphines react w;th chloramine in the same manner as their
nitrogen counterparts., Chloramine reacts in such a way that the
chlorins atom takes on the role of a negative species, The formation

of hydrazines is postulated to taie places in an analogous fashion.




CHAPTER TY0

SXPERIMENTAL LETHODS




27

The study of the reactions of dimethyl chloramine with the
phosphines required the use of a variety of manipulative techniques.

Although thg majority of the reagents used were not particularly
volatile, a vacuum line allowed the quantitative transference of
materials to be made under anhydrous conditions. The vacuum line also
allowed investigations of the reaction products (which were volatile,)
to be made. The vacuum line was beneficial in removing any excess of
dimethyl chloramine from the vessel of the reaction. Also it was useful
in fractional condensation for the purifiication of volatile substances
for exarmle MezNCI. Tr order to mainta2in anhydrous conditions
throughout a series of reactions, or during washing of the products, a
dry box was usad.

This chapter will describs the vacuum and dry box systems ard

zive details of ths equipment associabz=d with them. The methods

employed to purify or srepare all ths reactants us=d in the study are

inad and discuss=d,

»

by

also exol

1. The vacuum line (Figice 1)

-y

The vaéuum 1line was of th= kind d=signsd for general purvoses,
as shown diagrammatically in ¥igure 1. It could be split into four szctions
comprising of a pumping seztion (P), 2 g=neral working section (W),
a storage section (S), and a frastionating section (F).

The pumping section was compris=d of a Jzancons mercury diffusion
pump backed by an #dwards two-stage rotary oil opump,.

Ths diffusion pumﬁ capasity was better than 30 litres par second

5

pumping capacity at 10-5 to<10_ mm Hg. and could attain an ultimate
vacuun of 3 x 10-7mm tlge The pump was heated electrically using a 320

watt wrap-round heating element. Th2 critical backing pressure of
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0.2mm Hg. was easily obtained using the two-stage rotary oil pump
which was an Bdwards "Sbeedivac” Model 2SC20A powered by an 0.25

horsepower motor; this provided a pumping speed of 22 litres per

minute and an optimum vacuﬁm;ﬁettéirthan 10—3mm Hg.

The diffusion pump was situated betwesn two cold trans, having
been isolated from the rest of the line by largé three-way tap
(3a and Figure one) ensured that if chemicals reactive to hot mercury

(e.g. Clg) were being handled in this section, no contamination would
occur. An air bleed was provided via tap 1a to prevant oil suck-back
when the oil pump was switched off, The connections between the
rotary pump and the diffusion pump and the rest of tne. iine were as
larze as possible.

The genaral working section consisted of a row of six taps
terminating in B1lL socksts to allow the attachment of ths various
piscas of apvaratus, such as infra red gas cells or resaction vessels.
‘It was found more convenient to navs B 14 sockets rather than B 14
cones on this section, as reactions were .carrisd.out which often

3 [l

required the making and bresaking of coﬁnections to this part of the
line e.g. The weight analysis cell work, where the clsaning of vacuum
grease from the demounted apparatus was facilitated by having a cone and
not a sockest., Tnis section of the line was also equipped with a
standard volume V., and a cold finger, C. The storage section provided
a fotal capacity of 90 litres in th= form of four 20 litre bulbs and
two 5 litre bulbs. Thz storage bulbs were connected to the vacuum line
via Rotaflo taps, which were found to be more satisfactor& than
greased ground glass taps for this particular purpose, éince the seal
provided was found to bz, in general, more durable than that offered
by a greased tap. The merits of tnis type of vaczuum tap are discussed

leter.



For the investigation of volatile reaction products, or the
purification of volatile reatants, the fractionation section was used.

This consistzd of six individualy isolated fractionation bulbs of a

diameter making a close fit in ths mouth of a "Tharmos" dswar.

The fractionation section was demountable, for easy cleaning,
and was equioped with it's own manometer (¥ M, Figure 1) so that slow
distillation could be carried out whilst leaving the rest of the
vacuum line free for othsr work. Access of this section ﬁas via B 14
sockats, Cold baths nscessary for distillations were made up using
organic liguids of suitable melting point, and liquid nitrogen
(never liguid air). The temperaturas of such haths are given in
Table 1.

Table 1: Temparaturss of a variety of cold baths,.

Cold bath comoonant. Temdsrature (OOC)
Melting C7F n =23
S01id 002/(CH3)230 =8
Melting 06“5CH3 =98

The cold traps used in the pumping section contained liquid nitrogen.
The dewars used with the vacuum line were either wide necked dewars,
most conveniently held in one pint oil cans, supported on cork rings,

or standard quart "ihermos" flasks. The latter were used predominantly

for freezing purified_products on thes fractionation train when such
products could not be stored elsewhere, for_examplg dimethly chloramine,
since hitrogen evaporation losses were minimised by the narrow neck of
the flask. The other dewars were used for holding the cold baths,

A1l parts of the line were connected, via various manifolds,
either directly or indirectly to ths main manomsters M, (Figure 1),

which were of the direect reading type and fabricated from 8mm bore




30

tubing. Pressures were recorded using a cathetometer yielding a
pressure reading to 0,01mm,

The standard volums situated in the working ssction of the Lline

vas calibrated using an szxternal known volume; the volume of which was

found by weight measurements full and empty of mercury, and the standard
P, V and T relationships,
For vacuum checking, when the vacuum was observed to be better

than C.01mm from the manometer, a Tesla coil indicated & colour inside the

5

vecuum line when the prassure had fallen below approximately 10’ mm Hg.

(a black vacuum), This condition was considered satisfactory when pumping

out the reaction vessels or the joints between the line and the
demountable pieces of apparatus. The use of the Tesla coil might induce

-~ . Py

kalinalid infra red plates producing

he formation of Y“F" centres in al
a blue colouration, and also causing the decomrosition of some reactants
such as (CH3)2NCl. Thus cave was exercised in its use. Tt proved
extremely useful in the detection of vinholes in ths glass tubing of-
the vacuum.line, but could elso cause pinholes if sufficient care was
not taken when checking thin walled containers such as the molecular
weignt bhullbs,

In all cases Aniezon ¥ greaée vias used for the joints which were
broken, such as cones and sockets, Apiezon L grease was used for ¢aps
within the vacuum line, as this grade proved more convenient,

PR 2. e - T
€ Was 10w, 51inca ¢ TSmainsn more

]
Jot

fluid than the M grease at a lower temperature. Black Picein wax was
used for the connections at the diffusion pump since thi; was
cornisiderably more permenent'than either Apiezon L and M grease, and
would also withstend ths temperatures in this area. TFor expericents
involving substences reactive toﬁards Apiezon grease; such as chlorine,

Kel-F 90, a fuliy fluorinated grease, was used,
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Examples of different apovaratuses usad with the vacuum line are
shown in Figure (2) an infra red gas cell and a gas molecular weight
bulb. Figure (3) shows a storage ampoule and weight analysis cells.
These equipments are fitted with the "Rotaflo" stopcock which is shown in
the section in Figure (4) and cons;;£s of a "PTFE" plué atteched to a
plastic knurled knob; the whole fitting into a specifically designed
glﬁss tube, When the stopcoék is cloged the PTFE plug is clamped
tightly onto the valve seat formed in the glass tube thus sealing the
contents of the enclosed vessel off from the atmosohare. The seal at
the other éide»of the stopcock is formed by expanding the PIFE plug
along about 1cm of its ovn 1ength by means of a resilient inside thé
PTFE plug.

T

—

2 conditions of a good s=al were obtainsd when both ths PIFH

and the glass contrszct areas agpeared "wstted". It was imvortant to

a4

ensure that no dust particles cor pieces of fibre adhéred te the valve
seat or the valve stem ov

The use of a Tesla spark goil, for vacuum testing could degrade
the PTFRE around the valve seat srea if care was not taken,

Tt was found that this tvpe of stopcock had several advantages
over the more standard grzas=d, ground glass tzp, in that it could te
used quantitatively aftsr long psriods of time in contact with, for
3 A

Indeed, for weizht analysis sxperiments, where the reaction

‘example, PC1l conventional greased tap would have deteriorated.
studies involved materials whose boiling point was less than room
temperature, the Rotaflo system offered ease of manipulation, the
ability to be reproduced and safety.

It was found, howevef, that although a seal may be satisfactory
at roomr tempereture, this may not be so at e.g. -3500 in a freezer
when the PITFE plug contracts. This does not revoresent a serious

drawback since the contrazction can be compensated for by. ore-adjustment.



e

32

)

The use. of the s*opcock when formed into a storage ampoule is
shown in Figure (4). Clearly the convenience of this method over a
sealed pyrex ampoule need not be emphasised. Figure (2) shows two
views of the infra red gas cell which was fabricated from a 25mm
diameter tubing and has a path length of approximately 10cm. The cell

was equipped with a short (approximstely 3cm.) cold finger for the

collection of small quantities of volatile materials, and was sealable

" by means of a Rotaflo stopcock. NaCl infra red plates were affixed to

the grourd glass ends by means of piceine wax (care being taken during
the application of the tlates t¢ preven* cracking under the heat of an
infra red lamp which was used to melt the black Piceine sealing wax).
In some cases (sl plates were fixed in a similar way.

Figure (3b) shows a stardard weight analysis cell formed from a
B 2/ cone and socket, The socket part cf the cell contained a ground
glass tap whereas the container part was formed from a cone., This was
so that with careful greaszing, materials could te weighed whilst in fhe
cell without coming inte contact with the grease around the cone and
socket joint. The standard c=11 was only practical in the cese of
guantitative reactions, especially wren solid materials were used.
Ths Rotaflo weight analysis cell (Figure 3a) was used as a vessel
for quantitative reactions, wher one or both of the reactants wers
volatiles. The storage of some volatils chemical compounds in
Rotaflo storage ampoules (Figure 3c) aided their intruductions into the
vacuum line.

2 .

An ampoule of one hundrzd cm” capacitv fitted to the B 14 cone

was used as a container for the undistilled dimethlychloramine, during

the process of distillation, by the use of the vacuum line (Figure 5)

A molecular veight bulb of 3130mJ capacity adaptsd with a B 14
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cone and a Rotaflo stopcock was usslul in quantitativiy measuring gasses.
In the case of'volatile liquids, for example BCl3 the compound was
expanded into the molecular ngght bulb at a known temperature and
prassure this facilitating qdantit;;ive reaction. The nnr sample
tubes of 8mm diameter were used, filled to a depth of about 2 cm
(Figure 5a). For sealed tube reactions the nmr tube was fitted with a
B 14 cone (Figurs 5b),. connected to a tap with a B 14 cone and socket
(Figure 5¢) which could be attached to the vacuum line. The merit of
the above technique is that the sealed nmr tubs %hich contained the reactant
can be kept in the freezer’at-ﬁSOC without any 1eakage , especially
when the product is a highly hygrosconic material *hsn using a
Rotaflo weiznt analysis cell thars is greater possibility of leakage,
becauée of contraciion of the metalic part of the tan. Using this
t2chnique the nar spscirum can be run dirsctly without any possible
attack by moisture. In soms casss it was necessary to break the
szaled nmr tube inside the dry box in order to push the product towards
the bottom of the nmr tubs and after-that'stopper the tube by a rucber
stoopar surrounded by parafilly, This would improve the nmr signal.

A heavy wall pyrex reactions ampouls of 16mm diameter (Pigure 54)

was used to facilitats some seal=d tube reactions,

2. The Dry Box.

The dry box was a standard box of approximately 30 litres
capacity and is shown along with tne associated humidity control
equipment in Figure (6). The glove box was manufactursd_iﬁ 1970 at the
Scisnce Sites Central ‘iocitshops at Durham from an originai drawing from
Harwick University from %+ inch mild steel; all joints were welded. A
tubular spanner was weslded into the base to take an infra red press,

An enclos=d variable speed recirculating oump position=d inside
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the glove box, passcd the box atwosphere approximately once every seven
minutss through two cold traps (L), fitted in a parallel position. The

box was kept even when not in use, under a positive pressure of nitrogen,

so that the gloves were inflated., The nitrogen used for the make-up of

the box atmgsphere was drawn from central liquid nitrogsn storage

cylinder and was rated at less thgn 6ppm HzOo The box its=1lf was kept

dry with dishes of phosphoric oxide placed in strategic positions around
the box floor. The adequacy of this desiccation can be ssen from the
sp2ctra of extremely moistﬁre sensitive compounds such as [kCHB)ZN ]31:’012n
The entry and exit to and from the box was, for large objects, via

the main vort, A, which was purgsd with nitrosen for betwssn 30 and L5

<en intc the box. For small

items, such as infra rsd cells or analytical samples, the gquick entry

e

tolted back to back on the main vori s:de.bf the box. B55 glass sockets
squinped with Rotaflo tans werse fitted over the cones and the whole of
this could be evacuatsd to the water §uﬁ§_vacuum within minutes,

The box was also Titted with an =lsctrizal connection via. a
gland in the side wzll terminating in a 13 amp socket. All none welded
joints, for instance, at the large plastic window, wers sealed with
silicoset silicone rubber, an@ before commencing the box was purge
with nitrogen for at l=ast two wseks, efore use it was necessary to
recirculate the box atmosvhere through the cold traps, which were
imnersed in dewars of ligaid air for at lsast four hqurs. Ligquid air
was used in this instance hecause with positive nitrogen pressure in

the box, the box atmosphare may have zondenced it liquid nitrogen

was use<,




35

3 nur Technique. .

All of the phosphorus comoounds were examined by the 31 nmr
spectrometer in the department; +this is a modifisd F.E. R10
spectromster., All 31p chemicai shié¥s were reported, with respect to
85% aqueous phosphoric acid, as 0 ppm shift, with the upfield direction
taken as positive. (Visual disvlay unit page 44.) The phosphorus nmr

machine error is +1. 4opm, Various types of 8mm nmr tubes were used as

described in Section IT.1.

Preparation and purification of Reactants.

(a) - Dimecayl chlore.ine.

The mathod démployed here usad the reaction between hynochlorite

o
J.

jons and alkylammonium halides (1.14) the modification being that:-

(113)
/. . . . N ~ s . : .
(1) sodium hyvochlorite is prevarad according to the method of Sterling

and (ii) the alkylammonium chloride was addad in so0lid form rather than

solution,

(cr 5) NH, + C10 : (043).\JJ + H,0

B

Temperaturs control during the addiition of the diﬁethylammonium chloride

was found to be very important, since any rise favoursd the formation

of dichloro-~derivatives and possibly highly explosive nitrogen chloride.
The crude dimethyl chloramine was kept in the freezer mixed with

calcium chlorids as a drying agen .

Fractional condznsation

Dimethyl chloramine was purifisd by fractionation on a vacuﬁm
line, the mixture being distilled through four traps coolad with baths:-
at -23°C the melting point of carvontetrachloride two baths at - 8400
(acetone, solid carbon dioxidé) and one at -196°C. The majority of the
product was collected a+ - 84°C. The pure product, as shown by the gas

infra red spectrum figure (IR p8h\ was pure dlmethy1 chloramine.
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The dimethyl chloramine was keot in a Rotaflo storags ampouls in a
freezer because dimethyl chloramine gives white solid decomposition
nroducts at room tempesrature.

(b) The preparation of Aminophosphines.

Pris(dimethylanino Jphosphine [(C'r:5 ),¥],P, bis(dinethylamino)

chlorophosphine ‘:CH3)2H32 PC1, dimethyl amino dichlorophosphins

CH,),N PC1_ dimethyl amino phenyl chlorc phosphine (CH,).N PCl ph
372 2

)
32
can be obtained in a good yield from the reaction of phosphorous
trichloride or ohsnyl dichlorophosphine with dimethylamine in

stroichiometric proportions. The reactions are normally carried out in

an inert solvent. The one which was used was a dry petroleum ether

- A Lmes N - l._H AU -‘l "'!‘;_'r \\ r A (115)
ie “Jlﬁ + 2 53)2_n — ku-3}2ﬁ; o * \uhj,z_%zul (116€)
P01, + h (CH,) @ | CH.) UL FSL + 2 (CH,),MH, C1
2. PCL, + b (CHp) W _ [« {),211]21-*‘1 + 2 (CH,),H, C
5 (5, )% TRRIE: N
Joe T:C-Ij + b5 4"1.5,2 ot [('.IL; ol 3 k) 2% ""Ij,,z;':ﬂ?- ’a 6)
A2
b
I POPCL, + 2 i\_CHB)E H PhP3] gr(carj)z + (0'4:3)2 H, C1

The purity of eazh of the prhosphinzs reagants wes checked by nmr as

showin in the table:-

g Kumber Cbservad nar Reﬁorted nmr tiolecular formula ReTerences
i Peaks v.p.m. peaks D.DoMm.
i
P -219,3 -219.1 1, 118,119,12C
i
! 2 €L ~1€€ (crr3)2r-zps12 121,122,
% -159.6 ~159,7 [(cvz)ﬁr«] Bl 124,422
252
I -122.5 -122.5 (20, LP 123,124
. - J = -
5 -4LC -14C (CH,0),P 125,126
_ 3773 :
6 127 -12 C,H.Q).P 26
/ (CgHs )3 !
7 - %2 - §1.5 9(0655)-2c1 121 .
, - - 5 . C.H_) €] 7
f 164 161,5 : P( g 5) i, 127
114 A - nonr \’ i (DF \ N
9 1’1— e I)-,1 P(Jé_‘51_( ’3,2 1 123
) I S —
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Fhosphorus trichloride was obtained from Fisons and after distillation
stored in a ﬁotaflo stSrage ampoule. Trimethyl pﬁosphite wés obtained
from Ralph N Emanuel, triphenyl phosphite from BDH, diphenyl
chlorophosphine from Lancaster s;;fhesis, and phenyl dichlorophosphine

from Alfa-division.

(¢) Other Chemicals,

1.) dimethylamin=.

RZNH vas obtained in 250ml amdoules which were cooled in a
freezer at =-357C; the top of the ampoule was cut off by a glass knife
and the hzﬁH was pourad into a Rota:lio storage ampoule. The air was

J S O,

) e ~ AVnm e mam = e g
A amific vwad 1 T'0Z30 at =170 U

'3
'.)

ey

 on tho vacuum lins while

umped ©

2.) Hol1.

hh el

HCl as a gas was obtained from a cylinder and introducesd into a

ractionation section of the wvacuum line

o
L

3 litre bulb connectsd to the
and purified by fractionation.
\ . . ’
3.} 012 Chlorine.

1, as a gas was obtained from a cylinder.

<«

4.) Boron trichloride.

Pure redistill ed BCl3 was keot in a rotaf'lo storage ampouls.

5.) Solvents.

Diethyl ether and pvetrolsum ether were dried over fine sodium
wire., Dichloro methans and carbontetrachloride were dried ovar a

molecular sieve typs 3A. The dried soivents were kept in well

stoppered containers.
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THE REASTIONS OF NM,.IM,. DIMETTT‘\I[L CHLORAKING
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Introduction:-

The initial purpose of this work was to determine whether dimethyl

chloramine and the following compounds:-

Phesphorus trichloride (PCl.), dimethyl amino dichlorc phosphine

3
(Me2I\TP312), bis.( dimethyl amino)chlorophosphine [(1-.1e2N)2Pc1'| and

tris (dimethylamino) phosvhine Rme

QN)SP]’ react to form addition

compounds analcgous tc the renorted reactions of chloramins with amines

\
and phosphineg103} (Me

Yo
3/
It was found that dimethyl chloramine reacted vigorously with

”-
= CH

- ; 3 At -~
phosnhorus trichloride {c produce 2 (MeZFTL13] 5 he9HFEl2 , C1 and
PC1l,.. It wes found that dimethyl chloramine reacted with

C
" s . . - . N T + -
dimethylamine dichlore phosvhine 4o sroduce (uezh)zFClz o C1 ,

and it reacted with bis (dimetiyl amino)} chlorophosvhine to produce

. - -3+ - ; ; . - - . -
KkeOF)ZP Ci] « C1 ,+ The reaction betwasn dimethyl chloramine and
- — vl

Cl and tetramethyl hydrazszine vather than—producing [(Ve

LN sm),
The reaction Letwesn PE?WFCIQ and molecular chlorine producs
. “
s 1+ 3 - ~a T e PTINYY 34 - K .
Z [eZNP013] R PUlG s C1 and wezﬁrﬁLs. Tnis reaction was novel in that

parallel reactions, such as the chlorination cof tris(dimethylamino)
. (130)
phoscphine KHecN)BF]produces KMe2N)3P01J . C1 the simple product.
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The reaction between phosphorus tri-chloride and dimethyl chloramine.

The typical reaction was performed by distilling 1.260g. of
Muzﬂfl (.0 158 moles) under vacuuls into a rotaflo weight analysis

s ) . .
cell containing 5.65g of PCl, at =196°C. The vessel was kept in a

3

freezer at —)5 for fifteen hours. The volatile fraction was
distilled from the vessel and the gas infra red spectrum showed that

it was FCl} only. The excess P]Lj was pumped off. The product was
weighed and the rsaction was found to be completed in molecular

ratio - PCL3 : Me NC1 1,34 @1, It was found that the product was

highly hygcroscopic, =2 care was takea 9 eliminate nuisture,

v A > 3 - p 4 3 -l-
ocrmed 9 times using various ratiocs of the

reactants (Table 1). . ™n all cas=s a white solid formed after a few

.

minutes at ~-35°C and se=med to bz completed after twelve hours. The

vassel was transfere2d to the dry hox and the produst isolated and
studied by using nmr which show=d a broad peak due to the solid

, B (131) o
vhosphorus cation Me?nmu13 1t ~51.3 ppm. nd anoths
: o e 4 (132
broad peak at 293,.2ppm. corresponding to PCl6 na a2 arp third

peak dus to a liquid vhosphorus compound walch corresponded to

MeQNééE;) at =16k.4 pom, Figure (12).
The infrared spzctrum of the sample showed a peak at 440 cm -1

due to PClg (133) and other peaks at:- 2845 cm |, 2920cm™ ", 1460 cm

- - -1 - - -1
1300 cm "1, 1170 om ~', 1055 on', 1010 cm™T, 749 om T, 730 om T,

665 cm_l, 510 em 59O_cm—1, L90 em L. (Figure 2b,48).

~1

U

The microanalysis results are shown in the following table:-
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Elenant Calculated gata for Found
YA ~1 N e
2|\I\IGQI‘IHJ'.L§/ . ﬂl.&.e

- . EC —:— .
cl1L . MeZL. 12

C . 9.1l|- 9.31

H 2,28 3.23

[

N 5.33 o 5.2¢

o)
—
\n
L ]
~l

14..57

c1 67.5 . 66.62

s

The r=saction betwsen FCl3 and ¥e, M:1l was achieved nire times.

Table (1) summarises the reactions.
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ool dithet Lt p s il

TARLIE 1

| Number| Fot /M32ECI Temp=- |- Time | pnar siegnal and integration ratio
The actual Srature by (ppm) .
Molar ratio o Hours, e NPCL Me NPT ~-
= - PC
reacted. 2 2 2 3 PCl,
1 1.34/4 -35 15 -16l.,Lppm -61.3 ppm 298.2 ppm
1.0 1.95 1
2 1.3/1 -35 12 -1€€ " -60.0 " 291.7 "
1.0 1.9 1
3 1.03/1 C 13 ~1EE6 58,5 " 2¢3.2 "
0.9 1.83 : 1
b 1.21/4 ~35 13 -166 .® -59.7 " 259.8
| 1.0 1.9 1
5 1.01/1 -3z 13 ~18hh M =59 n 288.2
1.0 1.96 1
6 1.31/1 -35 1€ 16k L ", =58,8 2802 "
: 1727 T 2.0 1
!
1
7 Sealed =35 i 1z -167.7 " -59.3 ! 302,92 ¢
tube d 1 2.0 1
: {
}
8 Sealed -~35 15 ~1€h4 " -58.,2 " 302.,¢ ¢
tube 1.2 2.2 1
e
i | . _
9 1.33/1 -35 l 1L -1€6 " -61.3 " 295 "
! O.? 1-9} 1
|
Therefore the reaction is:-
. ol e i1 * ~ L1 s
L PCl3 + 3 MeZLC_ > 2 ]‘«.ezl.PC:L3 + P016 + C1 o+ MVZNPCIQ




The reaction between MeZNCI and FC13 using a sealed tube.

0.0093 mol of ke, MCI was distilled through the vacuum line onto

2

0.015 mol of FCl3 inside 2 nmr tube which was adapted to be connected

to the vacuum line (Figure 1) and it was surrounded by a bath of liquid
nitrogen (—19600). The nmr tube which contained the reactants was sealed
off and left in a freezer at —3500 for 15 hours. The tube was cut into
two pieces inside a dry box and the croduct was pushed towards the bottem
of the tube by using a glass rod. The tube afterwards was stoppered and
orotecid vy parafilm., 'The nmr stectits of the product showed the
presence of three phosphorus species as shown in Table 1. experiment

number 8. Inside the dry box the orodust was removed from the nmr tube

and identified agein by inlra red spsctroscony which was also the same

as the svectrum of the nrcduct of tihe tynical exveriment.

¢]

tre

-
o’
7]

f!

stion of the mixturs ‘?(hb FTCIB) + ®l, + Cl ]

The mixture was obtainzd from the product of the reaction between

+ - - -
PC and Me N [ Me, MFCL, ) [EN! C He I'FC1 after the removal
); 13 and }BZICl 2 (M 2[ L) "+ T i + C1 +1 ol 2] t
of Me, lPCl, by washing the product with dichloromethane inside the dry

2 2
box, and the nmr showed two peaks, one at -61.3 ppm corresponding to

. + . X . ~ e _
2 henNFE17] and the other at 298.2 ppm corresponding to F016 (Pigure 2a).
L2 3 : 78 y

The reaction between HCl and the mixture.

" o, .
Caseous H(l was condensed at a temperature of =196 °C in a standard

weight analysis ¢=11 connected to the vacuum line and containing C.1C3{

of the nmixture.
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The reactants.were left for 30 minutes at room temperature., The
excess of HC1l was distilled of'f and a white §olid left inside the

vessel,

It was found that there was no change in the rass, and the infra
red spectrum showed no change frem the infra red of the mixture before,
Presumable tha dimethylamino trichloro phosphonium cation was not large
enough to form a thermally stable hydrogen dichloride at room temperature,
and that hydrogen chnloride Qas not a strong enough proton acid to cleave
the phosphérus nitrcgenr bond.
+y

Ve NPC1:). FCl, . 61”1 ana

The reaction rtetween the 5
) A"

standerd weight

"

A sampls of

analysis cell inside tns dry box. The standard weight analysis cell
was connected to thne vacuum line. Gaseous HC1l was condensed inside the

vysis cell (2ml)

standard weight analy whicn was surrounded by liquid

. 3 [e) . . N . . -
nitrogen (-196°C). The mixture dissolvad slowly in ligquid HC1.

. . . 0 . s .
21, was condensed in thez vessel at -196°C. The liquid nitrogen

3

surrounding the vessel was replaced by a cooled bath of toluene. The

w

o .
reactants were kept at -9 ¢ for 35 minutes, afterwards the excess of

HC1l and DCl3 were distilled off. A white solid was obtained anéd the
vessel was weighed.
The weignt analysis cell which contained the product wes transferrsd
to the dry box. The nmr and the infra red were studied. The nmr showed
. , {13
one pezk only at -£5.5 ppm which corresvonds to the PCLA cation.

(Figure 5a). The infra red spectrum of the product (Figure 5b) showed

peaks at 3200(:1:1—1 due to W-H vibration and a peak at 650 cm“1 for




X

. 2\ - -
I%l; (13L’, and a broad peaks at 630 cm ! and 720 cn 1 for the vibration

of BCl; (1)7). It was noliced that the pesk which corresponded to the
vibration (Figure Lb) of PClg_(hAO cm_1) disappeared. This reaction was

achieved twice as in the Table (2)

TABLE 2

Number BClB/Mix~ !ﬁ Temperature Time by I nmr of the .
! .
ture i oq minute product PClh
1 2.98/1 -96 35 -85 ppm
2 5/ =56 30 -8C.7 ppm
So the reaction is :-

e, PO 1. P01 HE1 + 5 BOL, S Me, N B
(T..eZIfPC13>2CJ. « Pl + L HE1 4+ 5 B 13 2 He, N, 011+ +

- \: -+ T -
5PC1 BC1, . N

The reaction betwe:=n dimethyl amino=dichlorophosphine and chlorine.

Chlorine was bubbled gently through 0.C187 moles of Me NPCIZ

2
dissolved in dry dichloromethane for five minutes under an atmosphere

. . ) . .
of dry nitrogen. When externel cooling to 0 G took vlace a white solid

product was formed. The reaction was repeated under the same conditions.

Purification of the pronduct.

The volatiles were distilled from the vessel by a vacuum line,
" The product was hygroscopic material therefore, inside the dry box,

samples were taken to study nmr and infra red. The nmr showed three



peaks, a sharp one at -167.7 ppm due to Me

2

NFC1

25

52

the second one was

broad at ~61.3 ppm corresvonding to I}EZNF015}+; and the third one was

a broad peak at 298.2 ppm due to PClg , Table (3), Figures(3a.waq)

The infra red swnsctrum of the product compared favourable with the

infra red snectrum of the reaction between phosphorus trichloride and

Me

The elementel analysis results

2

MC1 (Figure 3t)

TABLE 3
Rumber Time: Tempera- nmr signal and integration ratio
Hinu- ture C + -
e N y
tos LEZ-ECIB PCl6 . Lbzrﬁﬁlz
bpm pp@ pua
1 5 0 -61.3 298.2 ~167.7
2,08 1 0.98
2 8 0 ~-53 293.5 -166
2.1 1 1

ars

shown in the following table:-

The Element _Calculatid data_for _
ﬁmezﬁ?013 . FC16 +C1l. Found
Ve N0
T.ezl. 12
C S.14 1C.23
H 7.28 3.7
N 5.33 4.85
P 15.7 14.15
cl 67.5 67.47
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When MegNFCl2 vas removed from the product by washing it with dry
dichloromethene in the dry box its nmr showed two peaks, one at--61.3 ppm

due to Me2ﬁ?013 * and another ore at 298.2 pom due. to PClg , Figure (ka).

1

A possible resction is:- -

3 Me2NP012 + 4 Cl Ve VPC1 \2 Cl. 9016 + Me2N01.

2 3’

since the chlorination of Me2NP012 was believed to be as the following:-

4 Mezl‘TPCl2 + 4 Cl1 L P-.-'iezT\‘Cl + 4 PCl

2 ———

The reaction between dimethyl chloramine and dimsthyl aminog

dichloro phosahine,

2.1 mmel of Me2ﬁ61 wers distillad through the vacuum line arnd
condensed on 2,32 mmol of MezﬁPC12 inside a standard weight analysis cell

at - 19600° The rezctants wers lkept gtmg?c Tor fgurteen hours. By
using a mencmster connected to a vacuum line it was found that theré was
no volatile substances produced by the reaction,.

The product was removed from the vessel in the dry box since it
was highly hygroscopic material., The nmr showed one peak at -27.5 ppm,
(Figure 6a). The infra red spectrum is shown in (Figure 6b). The
micro analysis results for the compound lKHe?N)2P012 ]+, C1  are shown

in Table (&)



5k

TABLE 4
The element Theoretical data Practical
(Mezﬁ)éP015_”' results.
C 21.3 % 21.72 %
H 5.32 % _ . 5.53 %
N 12,42 % 12.38 %
P 13,75 . 132 @
3 cl 47,19 % | 46.75 %
The reaction. is:-
Me 21 + le NPCI, [(e, ), P01, ]* . c1.

The reaction betwsen bis (dimethvlamino ‘chlorophosphine and

o

dimetavlichloramins.

.In a typical reaction 5.1 mmol of MeZNCl was distilled into
1.5 mmol of (Me2H)2FCl inside a standard weight analysis rotaflo at
—19600n The vessel which contained the reactants was kept in a
freezer at -35°C'for eighteen hours. A white solid was formed. On
opening the tube, warméd to room temperature, no vressure was recorded
on the manometer; since the product was highly hygro§cbpic material it

was taken out of thes vessel inside the dry boxe.

Purificaticn of the product,

The product was vwashed by dry petroleum ether and keot inside
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a vacuum discator, ihe nmr of the product before being washed by dry
petroleum ether showed two peaks, one at -{59,6 ppm due to the excess of
the reagent, and the other atl—53.3_ppm, due to the product (Figure 7a)
The infra red spectrum of the comgound, is shown in (Figure ). The

results of the elemental analysis are illustrated by Table (5).

TABLE 5
The elements Calculated data Found
for (MeZN)5P01E
c 30.7 29.83
H 7.69 8.2
I C17.95 ' 18.1
P 13.25 13.1
£l 20, 39 30.4

i aoas . < . T+ -
Tnis indicates that the compouand is [Zhezﬂ)3PCIJ . C1 and the

equation for the reactions is:-

- Ay e .
Pl

(Me M), PC1 + Me NC1 . v m),pca]* . c1”.
e 2 . e "D

This reaction was performed six times, (Table 6)
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TABLE 6
Number Actual Mol f;tio - Temp, Time nmr sy
of the react. 0 Hours ppm
(¥, V), PC1/He NG ¢
1 0,92/1 ~35 14 ~53.3
2 1/1 0 16 -51.6
3 1.07/1 0 12 -53.3
L 1.1/ =35 15 | -52.5
5 | 1,/1 | | o . —:5 - -53.3
6 0.97/1 =35 12 =533

. - i s A + -
Hydrolysis of %4he prodict L(me Ml ]T ., 6l

0

The produst was kept undsr an atmosnhars of wet nitrogen for two
~ - R . . '
weeks. The product Kib?N)BPCIJ . C1 became colourless liquid. The
) (139)
nmr showed on2 sharp peak onlyv at -25.8 ovom due to (M32N)5PO as is

shown in Figure 9a.

The hydrolysis equation is:-

2" e

[(h@e2D?)39311]+ .17 4+ H,0 (e, ), PO + 2 FCL.

The reaction between dimethyl chloramine and tris (dimethyl amino
o3 v

‘Phoszhine.

0.008 moless of dimethyl chloramine were distilled through the

vacuum line and condensed on 0,009 mol=ss of (MezN)BP dissolved in 3ml

of dry petrol=um ethar inside a standard weight analysis rotaflo
> - -O - . ’



surrounded by a bath of liouid nitrogen -196°C.

The vessel was left for twenty hours at OOC° A white solid
product was Tormed. The solvent was pumped off, The gas infrz reé
showed a svectrum of a mixture of petroleum ether and another
substance which might have teen tetrametnyl hydrazine. The volatiles
weres condensed inside a vessel a2t —19600 then allowed tc warm to roonm
temperature in order to melt; for 3ml of the ligquid a few drovs of
concentrated HCl were added. After five minutes the excess of ¥J1 wes

N

pumped off, and a few drors of concentrat H were adcded. Two

)
Las
D
[oF]
[
j@)]

no

agqueous layers viere noticed. The supernatant layver was rumoed off by

[, 2 T [T S ST ST S S IR SRR RN
vacuum line. The gas ths remeinivg liguld showed thnet

P )
1

NIra v

]

the substance was tetramethyl hydrazine.

Purificetion of the solid »nroduct.

The product vias a hvgresconic material therefore it wes

the dry box end it wes washed with dry vetroleun.

from the vessel inside
The nmr for tihe so0lid oroduct of the tynical reaction showed one pesk
only at -~53.3 pom which is equal to the position of the peak for the

compoundl(MezN) FCl]i'. €1~ which was prepared by the reaction between

3

(h{ezN)zml and le, KCl, Figure (8a).

2
The infra red spectrum of the product coincided with the infra

-

red spectrum of the cempound RMGZN)_P01]+ . C1 . The result of the
B 2

elemental analysis are shown in Table (7).
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1. o e

The slemsnt. Calculated Found
data for
(1\.4e2.nr)31>r;12
C 30.7 Mk
H 7.69 8
N 17.95 1793
P 13.25 12.8
cl 30,31 30,1

The reaction was performed four times as shown by Table (8)

TABLE 8
Number Actual mol, ratio for Temp, Time: nnr by
the reactants oA Hours ppm
(He,N) 3P/ e ,HC1
1 1/1.98 : -35 12 ~53%2
2 1/1.86 | o 15 -51.6
3 1/2.01 : 0 14 ~53.3
Ll- 1/1 c‘;”-L I . O 12 ) "5303

The results indicated that the r=action was:-

2 Ke,NCL + (Me,l) P N [(!‘:Iegi'«.')gblzr., Cl

He N - Nie ..
fezh -_e2
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Hydrolysis of &@b9§)3222;1+ Cl .

The substance was kept undzar a wet atmosphere of nitrogen for

twelve days. It was converted to & colourless liquid which gave one
138)

peak by testing its nmr at —57 ppm. This corresnonded to (MezN)BPOG

chemical shift.



CHAPTER FOUR

THE REUACTIONS OF DIMATHYL CHLORAMTNE

17 o
WITH PHOSPHORUS ACID @ol+Rs.

THE RTACTIONS OF DIMETHYL "‘rILOD SANE)
WITH TRI COORDTIMATH AR(DIFAT PHOSPHINTS,
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>

The reaction between trimethyl nhosphite and dimsthyl
0.021 mol of dimethyl chloramine was distilled by the vacuum line
into 0.014 mol of trimethyl Ehosphiié at -+196°C. The stendard weight
analysis rotaflo which contain=zd the reactants was.kept at w35°C for 18
hours. The contents of the vessel were allow=d tc warm to room
témperature. The volatiles were'pum?ed o’ on the vacuum line. The
infra red spestrum of the wmost volatile fraction showed that it was
methyl chloride, the less volatile fraction showed the presence of
excess dimethyl chloramine as shown in>Figure(8b}
The presence of ¥eCl was notic=4 by characteristic ahsorption

-1 (139) . . . -1
and

, /L5 cm ', and other two bands at 1340 cm

pands at 716 cm
; -1 . . " ; s . .
and 1370 ¢m , as shown in Figure (1C). A colourless liquid was 1sft in

the veszel. On runnin

Gu

the nmr of this liquid the ssectrum showsd one
sharp p=ak at -8,2 pnm corresnonding to a2 teirz coordinabte phosphorus
compound as shewn in Figure (10a).

The thin film infra red of ths produst as shown in Figure(9b)

-

showz=d the pressnece of & P=0 bond by giving a characteristic absorption

140

- (
in the 1260 - 1250 ca ! region' ’, and the formation of P - ¥¢C which

C
-1 141 ) e
was represented by a peak at 700 cm (141) :

The elemental analysis results agreed with the molecular formula

NMe2PO(0Me)2.
Element - Galeulated % Found %
C 30.4 31.3
H 8.4 8
N 8.2 8.8 | ' -
P 20.3 20.0 1
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This reaction was repeated using the same bLechnique where 0.013
mol of dimethylchlorémine was condensed into a standard weight anglysis
cell containing 0.024 mol of trimethyl phosphite at —35 for 17 hours.
The infra red of the volatiles shoWdd MeCl, and the nar spectrum showsd
the 2 sharp peaks:- ons cofrcsoordLns to liguids at 140.2 ppm, (the
starting material,) and the othar peak at ~8.8 ppm (the product)., These
observations can be explained by the following reaction:—

20 '
(MeO) 3 + Me,NC1 5 Me NP - (ome)2 + MeCl,

The preparation was attempted in a seal=2d nmr tube, but the pressure

of methyl chlorids burst ths tube.

The reaction batween Trinhenvl ovheosnhite and dimetihwl chloramine.

In 2 typical reaction betwz=n trinhenyl phosphite and dimebhyl
chloramnine 0,00392 mol of dimetinyrl chloramine was distililed by using the
vacuum line into the solution of 0,065mol of triphsnyl Unosnhltn dissolvad
into 2ml. of drv petroleum ethar 2t =19 £ in a standard weight analysis
cell, The reaction was kept for 15 hours.at »3500 and the contents of the
vessel were allowsd to warm to room temperature.

The gas infra r=d srectrum of the volatiles showed a mixturs of
dimethylchloramine and oetroleum ether. The volatiles were pumpsed off;
a white solid was left in thes vessel and the vessel wesighed. Tt was
found that the reaction was complsted by 2 moler ratio 1/1.007 (PhO)3P

1 o 1 -
herafore 211 the precautions for

,Tvzuul The oroduct was hygroscovic t
nlied,

handling sucn a substiancs- were ap;

Purification of the product.

Ths product was washed by dry netroleum ether (60ml) inside the
dry box and kept in a vacuum discator for fifteen minutes. A sample of

the product was placed in a nmr tube and the spectrum showed one peak
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at 18.5 ppm as shown in Figure (11a). The elemental analysis results shown

in the table agree well with ths theoretical resul?s for (PhO)BPWMezclo
Element Calculated % Pound % -
c 61.6 60.L
H 5.4 6.1
N 3.6 2.9
P 7.9 8.2
c1 | 9.1 — 9.4

The infra red spsctrum showed absorstion bands (Figure 11b) in
(142)

; . -1 =1 .
the region 438 cm = ~ 565 ¢m  corresvonding to P-Cl, and another

w

, corresnonding to Prike,. Thess results indicated

bsorption band at 700 cm_1

that the reaction is:-

(Piw.o)}P + Nide, 01 (P‘no)3 P M¥e,. Ol

where Ph = C6H5

Itd

The reactions of dimethyl chloramine with tricoordinate

aromatic phosohines,

‘1« The reaction betwean dinhenyl chloroohosphine and dimethylchloranmine.

0.0032 mol of dime£hyl chloramine was distilled into a standard
w2ight analysis cell containing 0.0015 mol of'diphenyl chlorophosphine _
dissolved in 3 ml of dry vetroleum ether at —19308 by using the vacuum
lins, Thz vessel was kept at -35°C for 17 hours. The contehts of the

tubs were allowed to warm to the room temparature. The volatiles were
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pumped off. The gas irfra red spectrum showed that it was the excess
of dimethyl chloramine mixed with petroleum ether.” The product was a
white solid whizh, by exposure to the room temperature for twenty minutes,
started to pyrolyse and changed in colour to yellowish white.

The nmr svectrum for ths pyrolys=4 product showea a mjor peak
at -70.9 ppm (Figure 12a) and a minor peak at -65 ppm, and a major peak
at ~-37 pom. This rzaction was repeated using a different technique;
the nmr tubzs with a B 14 cone adaptea to a B 1L tap socket and a B 1L
cone. Inside the dry box 0.0028 mol of thPCl dissolved in 2 ml of dry
vetroleum ethar were placed inside the spscially made tube., The conter's
of the tube were desgasefi=d by using ths vacuum line technique, 0.0017
mol of m32N61 wes distilled into the tubs at -96°5. The tube was kept
at =350 Tor eizhteen hours. The produst was allowed to werm to the

rocom temuarsture Tor ehout three minvt=3; tyv fthis time all the volatiles

The infra rad spschrun showed that it was netroleumw ether, The

b
H

o o : -] p Qo
product was left inside the tule, cooled t0-126C, and the

o
n
o)
jat
'.J
9

nar measured as it warmed to room temperaturs. A run of fifty scans

with thres seconds delay produced a spectrum which showed two peaks,
one sharp peak cerresponding to the phesphorus starting material at

~82 prm and ancth=sr broadish peak at =7C.9 ppm dus to the product. The

produvct was a2llowed to be pyrolysed at roonr temperature for four hours

ot

and during that time no volatile spscies were produced (Figure 13a).

The reaction tetween the product of the above reaction end

toron trichleride.

Inside the dry box C.CO15 mol of PhZFCl was syringed inside a
standard weizght analysis e2ll which contzined 3 ml of dry petroleum

ether., The contents of the vessel were degasefied. 0.C04 mol of
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. . . s s . G, .
dimethyl chloramine was distilled into the vessel at ~196°C by using a
vacuum line technique. The cell, which conteined the reactants was kept

On o .
at -35°C for nineteen hours. The product wes allowed to warm to room

temperature for about three minutes and afterwards all the volatiles
were pumped off. The vessel was weighed and the infra red svectrum of

the volatiles showed that they were Me NC1l and petroleum ether. The

2 .

reaction was completed and from the masses the molecular ratio of the
reactants was 1/1.006 PhZPCl/M32E01. By using vacuum line technique a
large exceés of boron trichloride was distilled into the vessel at ~95°C
and then it was kept at the same temperature for three hours. The
convents were allowed to verm to rcom temperature. The volatiles were
pumped off ard the infra red svectrum showed that tnis was the excess
boren tricnloride.

The vessel was re-weighed and there was an increase in mass. The
product was stable at room temperzture.

Purification of tha product.

¢

The preduct was very hygrosconic ah@ was washed with 100 ml of dry
petrol=um ether in the dry box.

The nrmr soectrum showed onz »ask a2t -71.8ppm, corresponding to a
tetracoordinate cationic phoschorus species,

The elemental analysis results agreed with the molecular formula

thzmm.fze T+ mea;
vwhere TFh = C6H5
% Calculated Founad
c - L0.26 39.5
H 3.8 L.5
N 3.35 2,9 ' -
P 7ol3 7.48
c1 K2.l 41.6
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1

The infrs red spectru&13 )showeﬂ a broad absorption band at 656 cm s

correstonding to BEL .

L

These results indicate that ths initial reaction is:-

e O } ' \ \'}n+
thPﬂl + ALezul - Pn2PCIF1u2 Cl.

and the reaction with boron trichloride is:-

) _ + = . + -
[PnZPCII\_'l\iez] .C1l + BCl :\.l.zeQ] -BC1,

5 : [thPCI

2, The reaction between phenyl dichlorophosnhine and dimethylchloramine.

Or the vacuum line 0.0024 mol of dimethylchloramine was condenses

at —19600 into a vessel containing 0.001S mol of phenyl dichlorophosphine

which had been dissolved in 3 ml of dry petroleum ether in the dry boX.

2 o]

The reaction was kept at ~35C fcr 20 hours.

The prcduct was presumed tc be hygrosconic so the usual means of

ollowed, The product was allowed to

}.J
Q
s |
a
ry
4]
Hy
c

moisture and air elimina
ware to room temperature and aftzr twenty minutes a change in colour from
white to gresnish yellow Was not=d.

neak at -72.¢ppm and other minor

>

The nmr spsctrun showsd a majo
peaks at -66.2ppm, -35ppm and at 202ppm, (Figure 19z and 152},

The vessel was connected agzein to the vacuum line but the manometer
showed no increas= in pressure.

This reaction was repeated using 0.C11 mol of MezNCl to react with

0.0020 mol of PhBle dissolved in 2ml of dry petroleum ethar. The

modified nmr tubs (Fiszurs 5), which contained the reactants, was kept at
-3500 for seventzen hours and tie product was allowed to warm to room
temperzture for three minutes. Afterwards the volatiles were pumped off,
The infra red spectrum of the velatiles showed that they-were petrbleum.
e ther., The tube was cqoled to -19600 and the nmr spectfum of fifty

scans with three seconds delay was run., The spectrum showed one sharp

peak at -1€0ppm, corresponding to the starting meterial and another
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broadish peak at =72.6ppm due to the product, (Figure 16a).

The reaction between the above preduct and boron trichloride,

The reaction betwsen dimethylchloramine and phenyldichlorophosphine
was performed using the same technique as above with excess Me2N01n A
moler ratio 1/1.003,FhPC12/Me2NC1 was found to have reacted. An excess
of boron trichloride was distilled under vacuum into the standard weight
analysis cell which contained the product at ~95°C, and the cell was kept
at -95°C for four hours. The contents of the vessel were allowed to warm
to room temperature and the volatiles were distilled off. The infra red
speetrur showed that it was boron trichloride. The cell was Weigheﬂ and
it was Tound that there was an increase in mass, but after about forty
minutes the product started tc decompose and change in colour at room
temperature and the nmr sosctrum showed (Fizure 17a) one major p=a2k at
-72.6 pom, 2nd other minor peaks at ~&5vom, -4ipom, -35.4ppm and at
-25vpm,

- .
The infre red showed a hrezd absorstion band at €57 cm = due to

(137)

c1”
B 1h

Tt was proposad that the cationic snecies synthesised above was

[?hPClZNmeé]+.Cl_c A s=zcond route to this cation was attempted via

PhFC1Ile,, o

The reaction between PnIGClNlis, and SbCqu

Trzide the dry box 0.01% mol of ShC1l_ was pipetted inte 2 round
3 Pt

r

bottomed flask containing 15ml of dry petroleum etrer., 0,008 mol of
Ph‘r"ClNMe2 (prepared as described in Chapter Two) was'dissolved in twent&
ml of dry petroleum ether and added to the solution of SbCl5 drep by drop
under and atmosphere of dry nitrogen, and with continuous shaking. The
product was purified by washing with dry petroleum ether inside the dry
box. The infra red spzctrum of the product (Figure 1hbj_(w5;;eCsI

plates protected by polythene sheets were used) showed an absorption
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- - ]
band at 337 cm ! wnich Is characteristic of SbC16,(1+3) Anothesr infra

red spectrum of the product (where NaCl plates were used) is shown in

Figure 13b. The nmr spectrum showed one peak at ~74 ppm which was the

same chemical shif't as for the product of the reaction between FhFCl2

and Ne,NC1 (the slight difference was due to the difference in the

anion). (Figure 18a)
The reaction is:-

PnPC1Nke, + 2 SbCl ; Eh5012EH62J+ o SbCl6 + SbC1l

2 5 3

and consequeuty 1y the reaction between hPCl2 and Me2E01 is:-

PRPCT, + Me i1 [orcL,ie, T . 01

and the formetion of tne tstrachlorobvorate:-

WG] Nid + B RBG 2 e
En.mzru_eﬂ . G174+ BCl, . En C1 e, ]" . FCL

L

5 The reaction between dimethylamino pheyl chlorophosphine

and dimethyl chloramine.

Inside the dry box 0,004 mol of PhFClHlbz was syringed into a
standard weight analysis cell containing 3 ml. of dry petroleum ether.
The contents of the vessel wers degassed by using the vacuum line
tec gque., 0,0075 mol of dimethylechloramine was distilled intc the
vessel and the reaction was kept at -3500 for eighteen hours. The
product was hygroscopic so moisture elimination was carried out,

The contents of the vessel were allowed to warm to room
temperature and the volatiles were pumped off and foun@ to be
petroleum ether by infra red spectroscopy. The solid product was
pale yellow,

Purifiication of the oroduct,

Part of the product was purified by washing with 45ml, of dry

petroleur ether and keot in a vacuum discator for twenty minutes. The
other part was used to study the nmr which showed two pealis, one 2t

-145 ppm corresponding to the phosphorus starting material and
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another veak at -66.2ppm due to the product of the reaction (Figure 21a)
The elemental analysis rssults agreed with the molecular formula

PnFC1(Me,),Cl. as shown in the followine table:

i The element Calculated Found
ll C 44,96 43.89
H 6.36 7.07
N © 10.40 9.7
P 11.61 11.50
cl 26,56 26.93

The infra red spectrum, was as shown in (Figure 15b).
These results indicated that the reaction is:-

Mo MPPRCL + e, NC1 —»  [(we;m),peaca 3. 017,



CHAPT®R FIVH

Infra red spectrza

Biklicgraphy.
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The molecule of phosphorus trichloride did nol undergo thermal
or electrolytic dissociztion under normal condition. Its chemical
reactivity thus arose, primarily, from the strong polar P-Cl bonds,
since the electronegativity of the.phosphorus atom = 2.1 on Pauling's
scale while the elzctronegativity of the c¢hlorine atom, according to
the same scale was 3.C. This difference in electronegativity let the
electronic cloud be shifted towards the chlorine atom via the & bond
and caus=d partial positive charge on the vhosphorus atom and thus
made it prone to nucleophilic attack,; and allowed donor-acceptor
reactions.

The zhemistry 7 dimethylchlor~wine is very d’versified, not
only because both tie nitregen and chlerine act as reaction sights,

500

but also because of the different modes by which these functionalities
react. Examplss of tane latter have been given in the first chapter.

It is known that fthe bDond between E=C1l in dimethylichleoramine is not

strong. This might be explainsd by the slectronezativity of both the

chlorine and the nitrogen being scual according tc the Pauling scale
(3.0); this bond is easily cleaved.
It was found that the rsaction betwean phosvhorus trichloride and

wecl t, c1”.

dimethylchloramine was guite vigerous. The products were Mez 3 s

hexachloropnosphate and dimethyl amino dichlorophosphine.

A reasonable Tirst stzp in the rsaction of odhosphorus trichloride
with dimethyl chloramine might be an addition reaction to generate
He2NPCI3+. Cl™. The reaction was quite fast, as a solid product was
noticed after thrse minufes at -35°C. Some MeQEFCl; cation reacted
with the excess of phosphorus tricnloride forming the
tetrachloronhosphonium cation ?Clu.pkbyﬁtigas reduced to dimethyl

amino dichlorophosphine. The presence of dimethyl amino dichloro-

phosrhine was shown by the nmr since a peak at -166ppm clearly showed
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its presence as did the infra red spectrum. The P?l: forrmed reacted with
chloride ions f‘orming_he)_cachlorophosphaten The presence of
hexachlorophcsphate was shown by nmr as a peak at 298.2 ppm and by its
infra red spectrum, It was therefore, proposed that the reaction

between phosphorus trichloridé and ;imethyl chloramine proceeded in

three steps:-

The first, which was fast and was an addition reaction to produce the

phosphonium chloride salt:-

XC e T+ 17
Me,NC1 + PCL, R PP Y B
The second step was the oxidation of FCl3 to FClZ in a slow reaction:-
+
te MNEC 5 1 fe, NPG I
[ NE l] + ] 13 slow Lez 12 + DCl).,.
The third staze was the nucleonhilie reaction bhetween P"‘]_;' and the
+
chlorid= ions:-
1T+ 201 . .
L —_— =~ (6}
Thus the stoichiometry for the reaction is:
LPC1, + Be iP0l,  -35°C. 2 [ue 1ECL [ T e P01 1017 4 Me MPCL
3 2"t > 2"V & 2772
.I + - _—‘
In the reaction between [2!-:e21\!’P-315 , BSLT , €17 Jand HCl. it was

found that no change had occurred on removing the hydrogen cinloride.

This was clear from the lack of chanze in mass and.the infra red spectrum.

This implied that it was impossible for the hydrogen chloride to cleave

the N-P bond. Tt has been suggested that the P-N bond can be easily

cleaved by the action of hydrogen halides, and as an examrle of this,:

the reaction betwsen tris dlmethy amino phosphinz and h¥dr25en chloride
i1

to give bis dimethyl amino chlorophosphine can be considered:-

(Me, N), P + 25C1

3 5 (vepm),Eel (v oMy <Gl

2
Tt is known that (M N) P is considered as a Lewis base and its

basicity was demonstrated by the stability of its borane adduct. The
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characteristic feature of this compound is the presence of a lone electron
pair which is situated o: each of the mutually adjacent principal atoms,
Accordingly, Lewis acid can attack electrophilicsally either the

phosphorus or the nitrogen atoms. In ths case of a species like

Me2N§CL there is no lone pair of electrons on the phosphorus atom, but

3
thers is a lone pair on the nitrogen atom. The doner bonding power of the
nitregen atom is weakened by the interaction of its lone electron pair with
a 3d orbital of the phoschorus atom.

The reaction with hydrogen chloride was repeated but usin

yarog I g
boron trichloride to increase the acidity of the system. The results
shoved that the bond betwezn N-P was nleaved, Tetranlororhosphoninm
cation was formed. The nmr svactrum of the oroduct (Figure 5z) showed
only one pzak at -85.5pom. The infra red spectrum showed the presence
£ D"1+ Ya WH Br\l— . + pry
of PC ) ¥e NH, , BO ) but netv PO 6 *
R P + -
An attempt was made to prepare the compound Lpezh-P0111 . C1
24

by the chlorinztion of dimethyl aming dichloro phosohine with chlorine

)

and by bubbling chlcrine into a sclution of the phosphine in dry

vetroleum ether., The product contained two phosphorus compounds, as
shown by the nmr in Figure 3a, with an integration ratio of 2 : 1 at

the positions of -61.3 ppm and of 298.2 ppu, The first neak

o+ -
corresponded to MeQNP813 and the second one to_E’Cl6 « A third peak on

the integraticn ratio one corresponded to the phosphorus reagent
dimethyl aminc dichloro ohosphine at =164 .4ppm.

This indicated that 012 cleaves tne bond between the nitrogen

and the phosphorus atom in MeQN-PCL2 and thus produces Me2N01 and PC1

3

. . . + - .
which reacts to give 2 [}ezNPCl3 ] +C1l + PCl6 + MezNP012.
The bromination of dimethyl amino dibromophosphine which has

besen reportad generated dimethyl amino phosphorus tetrabromid@ .

Th2 reacticn between dimethyl amino dichloro phosphine—and
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dimethyl chlcramine was a vigorous exothermic ore. An addition compound
was generated [(MezN)2?()12':"+ o C1 « The nmr of the product showed

only one peak at -27.5 ppm corresponding to tetra coordinate phosphorus

~cation.

Concerning this reaction it was noticed that the P-N bond in the
2PCl was left intact. Thus the chloramination of the
rhosphorus atom of the dimethyl amino dichloro phosphine produced the
;xpected addition compound EHB2N)2PClé]+ . C1 .

In the reaction between bis (dimethyl amino) chlorophosphine end
dimethyl chleramine, chloramination toék place at the vhosphorus atom
gensrating the addition product ]Kﬁe2N)3PCll+ . C1°. The nmr of the
product showed one peak at-53%.% ppm which corresponded to the phosvhorus
atom in }M32H>3PCI]+ cation, and as mentioned before, the elemental

anzlysis and the infre red spsctrum agreed with the formulation., The

nmr of the hydrolysis croduct of the compound showed one peak at -25.7 ppm,

corresconding 4o (Hezﬁ} PO,

3

The reaction betwsen tri

(O]

(dimethyl amino) vhosphine and dimethyl -

chloramine did not produce the expected addition product, the tetra kis

. y . . . . + -
(dimethylamino) chlorophosphonium ion. The product was Khsz)jfﬂll cl

and tetra methyl hydrazine. It was clear that the bond between nitrogen

"and chlorine in dim=thyl chloramine was cleaved, and as a result of this,

double chlorinetion took place at the phosphorus atom to produce
(Me2N)3F01 * ¢17. The aminetion did not take vlace at the

pnosphorus atom, presurably because of steric hinderarce. The attack

on the vhosvhorus by the chlorine of dimethyl chloramine produced a

negative polarity on the nitrogen atom. This could then-attack a_éecond

dimethyl chleramine molecule to give tetra methyl hydrazine and

c@loride ion:~

e ) e T (1e + 1 il -]
(MepK) ;P + 2 ke, NC1 |§r..e2r.)3pc1:| . C1 + Ne,N-Nlie,
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The following are chemical equations for the reactions performed:-

&

1. 4 PCLl. + 3 Me.NC1 2 I--Eezl‘\?’)l}]+ + PClg + C1™ + Me,NEC1

3 2 _— oNECL,
. - e + - -
2. Me,NFC1l, + Cl, Fast e, NC1 E13 ZEMCZIVPC’13]+'PC15
r + - - + C1 + MeaNpClyg
3, 2 I=:Te2NP013] + PO, + C1 HCL no reaction
——
] : - 1 ) T . . + -
Lo [?MeQNﬁ013]+ PCl6 + C1 ] + 5 BC 3 + 4 HC1 _: 2 Me2NH2 .BClh +
+ —
rc1, *. BC1
5 ®1, . BCL,
1 T, 0 { ’ '\ -
5. Me,NCL + Me,NECL, Lhezl\ 2?12] c1
6. Me,NC1 + (MeyN), P01 (e JF)5FC1 T

: . +
fe _NC1 e N C ) Y
7. Me,NCL + (Me k) P . Ele,, N5E01]" + Ve, N-1Ne,

Dimethylchloramine rsacted in different ways with triphenyl ohoschite
and trimethyl chosphite, an additior compound was formed by the reaction

between imethylchloramine and triphsnyl phospite:—

T \ RN 3\ R
6"‘501313 + Ye, 01 . (c 6?5(_)" »P.r-l.eQC]._

>

It is obvious that chloramination took place at the phosphoxrus atom.

The reaction of dimsthylchloramine with trimethyl phosvhite procduced a

covalent phosphorus comgound with loss of methyl chloride:-

(Me0), P + HeyiCl | Me,NPO(OMe ), + MeCl.

2 —_— 2
It is likely that the reaction betwsen trimethyl phosphite and dimethyl
chloramine passes through an intermediate compound LSRO,B‘.VMeZ) .
This is followed by the chlorids ion atiacking the 0-C bond in SNQ

reaction since MeQNPO(OEe)? is a gocd leaving groupe.

OMe H
+

Me,l = P=0~-C-H,Cl
Cie H



7k

This was similar to the reaction between CH, - C1 and OH %o

3

“generate CH,OH by th reaction,

3
In the case of the reaction_betwsen dimethyl chloramine and

trivhenyl nhosphite the product was:=-

. )
I‘.1e2NP(OPh,3 . C1

The chlorine anion cannot easily attack the bond between the benzene
riné and the oxygen atom. The cvhenyl derivatives are known to be
unreactive towards nucleophelic reactions suvch as:~

OH

: C) + C1 No substitution reaction.

The reaction betwesn diphenyl chlorophosphine and dimethyl
chloramina generated an unstable ovroduct which was shown by the change

Ko
L

in the intensity and in the nusbsr o

(Figure 12a}, vherz the major peak is at =72.9,

I

changsd in colour fron white to yellowish whits, e

+
~h
N
<]
F'_,
<
()]
S
]
Q
3
e
wn
5
"
ol
H
p

snowad & Qezw broad undefinsdband, This reastion was repeatsd and the
product was kept at -196°C. A quick scan on the nmr machinz showzd one
peak at -70.0ppm corvesponding to the product, and another one at —82ppm
he starting material (Figure 13a).

Since it was found to bes impossibdble to run a good infra red
svectrum or to achieve_the elemental analvsis, arn attewpt was made to
méke the product of he reaction between MezﬁCl and diphenyl
chlorophosphine reazt with boron trichloride as a Lewis acid., The
product of this reaction was stable and the nmr spsctrum showed oné
peak at 71.8opm, (Figurs 14a); the slight difference in the chemical
shift was due to the difference in the anion. The infra red spectrum

. . ) - -1 . . . .
showed an absorption band at 655 cm  (Figure 12b) corresponding to
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(137)
Cl . The elemsntal analysis was consistant with the molsculzr
4 . v
+ -
formula Ph2R31Hwe2 . BCl,. The evidence indicated that the product
4

of the reaction between dimethyl chloramine and diphenyl chlorophosphine

is [?hZPClNMeé]+ 21 and that tﬂ; reaction was an addition one by
chloramination onto the phosvhorus afomu

The reaction between phenyl dicﬂlorophosphine and
dimethylchloramine produced a product which decompos=d at room temperature.
The nmr spectrum, (Figure 15a) showed a peak at -4159ppm corresponding
to the starting material. (One at -72.5pom, a minor ons at ~65.2ppm,
and one at -35.5npm.) When this reaction was repeat=d again with the
product kent at -19600, the nmr sneciroscopy was opsrated fof a short
time. It showed two peaks (Figure 15a), one at-15
to the phospnorus starting material, ‘hFﬁlz, znd another broad one
(at ~-72.6pom) due to the product. Again, as in the cases of the product
of the reaction beitween PhéFSl and EegﬁC1, it was impossible to obtain
and good elamental analysis or an infra red spsctrum. When this product
was reacted with boron trichloride it ¥as noticed to be unstable, The

nnr (Figure 17a) showsd one major broad peak st -72.5pom and other minor

-35.4opm and -25ppm. The infra red of this

-

ones at:~ -66.2ppm, -41ppm
compound, (Figurs 12b) showed a troad absorption band in the region

between 700 - 65Oom-1 corresnonding to BCli.

As 2 szacond route to this cation alpethy] amino phenvl
', - i £ e N . .
chlorophosphins wes prepared and tie wnr spectrun (Figure 20a)

showed that it was pure by producing one peak at -.+1 8nnm,
Dimethylamino phenyl chlorophosphine was reacted with SbCl5 as a strong
Lewis acid and as a cnlorlnat_dg agent, similar to reactions performed
by Ruff anrd his colleagues, Since tnhis reaction would be expected to
" + —n ~ . .| ) .
produce Pn2W312LJe2.Sbu1, and Sbulj, it was assumed that thers would be
o} . — -

one peak in the nmr spectrum which had the same chemical.shift of the



cationic spscies resulting from the reaction betwzen PhPCl, and Me, NCl.

2 2

The product of.the reaction between dimethy aminophsnyl chlorophosphine
(PhPClNHeQ) and SbCl5 which was studied by the nmr technique and the
spectrum (Figure 18a) showed one veak at -74ppm., The slight difference
from the chemical shift of the oroduct of MezNCl and PhPCl2 was due io
the difference in thes anion. The infra red of the product (Figure 142),

. s -1 .
showed an absorption peak at 337cm ', corresponding to Sb016 a

The reaction bebtwesan PhEClNMeQ and SbCl5 iss~—

+ —
o1 NP1, M 1 ShCL
PhPC1NMe, + 2SbCl, 5 PAFCLMME,. SoCl. + SKOl,

Since the cationic spvecies of this vraduct has the szaui.chemical shids
this result can be

considered a s

<

between PhPClZ and

¥e M1 is:-

2

npPo Ma 17 51 o Ny R
PaRCl, + Me 01 [Puml,mis, ]t L c1

Fere again the reaction pnroduced an addition commound where

atom was chloraminatzd by dimethyl chleramine,

The decomposition oroducts of Ph,FILE

showed quite an interesting nmr svectrum. It was found that PhZPClNHeZ.Cl
" decomposed at room tempesrature and that after five days the nmr spectrunm
showed the following neaks:-

+
~70,0ppm due to undecomnwos=d part of the compound [PhQFClNMe;\ 001",

(14,
-55ppm, corresponding toc the PhZEEmEQ which may be generated,
(121)
=37ppm due to the Ph, FPOC1 .

15!
Two more p=aks apn=ared, by warming the tube 2t 118ppm and at 128ppm

which weve thought to be dus to the two isomeric forms of thPCl_ .

4

This may be formed by the chloronation of the starting material

PhZPCI by the chlorine which is assumed to be Torm=d from the-



decomposition of thﬂﬂMe U1 to Ph PNMSZ. Tt was predicted that

- 146
Ph_FC1 which was not kngwﬁ ), wnould have lowsr chemical shifts than

2777

PhPC1l. and that the transisomer would have a lower shift than the cis

5 —

isomer. The nmr of the decomposition v»roduct of PhnClzliezcl (Figure 19a)

showed the following peaks:~
-158ppm due to the starting material,
~72.9opm dus to the undecomposed part of the compound,
-66.2ppm corresponding to E?hPCl(NHe2)51+5CI, which had bee
prepared in the laboratory,

‘ (14 )

-35.5ppm, corresponding to PhPCT1

- (1 ’-:»8}

, & peak at 202ppm,

which corresvonds to Pa™C

5

It!s possible that a seriss of

[}

and dimethylchloramine produced

product interacted to vroduce PhPi]

£

Thz reaction of dimethyl culo“anlup with d*m°+"Jlamiopheny1

chlorophosphine wes an addition reaction and chloramination took place

on the phosphorus atom and .|Ph™C1(FMe

+ o~
15 2,?} .31 was generated as a stable

compound. TIts nmr spectrum (Figure 21a) showed two peaks, one at -145ppm,
corresponding to the starting matsrial, and the other one at -65.2ppm
corresponding to the product.

According to the previous worlk done on the reaction of
dimsthylchloramine and the tricoordinate phosphines mentioned before,
it was found that dimetnylechloramine reacted as an oxidation reagent in
different ways:—

1. Oxidation by chloramination and chlorination:—
' +

wec1t 4 PClg +C1 + Me NFG1,

L PC1 2

+ 3 I'\'.e "J..L - : 2 1 2 LV 3

(D

-3
2. Oxidation by chloramination only.

This was the case with dimethylamino dichlorophosphine, bis(dimethylamino)

chlorophosphine, tri-nhenyl phosnnite, diphenyl chloronhosphine, phenyl
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dichlorophosphine and dimethylamino vhenylchlorophosphine:=-

Me NECL, + e, N0l R'a w),PeL, 1% 617 .
(Mo, W), P01 + Me 01 [ie, «)E_Ull*‘
(Pn0);P + be,NC1 [\rho\ vm-.qez]*.m
Ph,PCL + Me, 01 [?nz_:(;lr\mzez}*., c1
PhTCL, + We,NC1 . [Pao1 e, ]V, €17

PhPC1NMe, + Me,NC1 EPhPJl(_Iﬂ'.:‘:ez)zT". c1”

3. Oxidation by amination:-—

g
7

(z,-zeo)jp + He,X¥C1 L ¥e N = P = (ome)? + MeCl.
4., Oxidation by chloronation only:-

(e )P + 2 Me W1 (2 o)1 T e1™ « Me , N-NHe,,

It was found that H71Y was not able to attack the H-P bond in the

. -+ - R S
mixture (2 Me,N-PC1] , FClg , €1 ). This contradicted the gensrally

2 3

known belisf that hydrohalog=sn has the ability to cleave the bond betwsen

PN, An intsresting result was that Me, NIC1

, on chlorination, does
Z 2

not produce the expected addition produst whilst (MezN)sP, on

chlorination and Me NPBr_, on chlorination does. It is interesting to

2 2?
sugzest further work in this field by reacting dichloromethylamine with

b2 of Lmdmmmid g
5y O Gricodraiiia

revious vari

[y

b

4.1, _—
trnis DI
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3lpamr spectrum of
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31lpnmr spectrum _6f

PhPCl 2 and

PhFC.leMeZ.Cl .

3lpnmr spectrum of’
the decomposition

product of

+ -
FRECL jiMle,, BC1,

82

“3lpnmr spectrum of

+ -
PhiCl 21“ Me 5* SbCl 6
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3l pamr spectrum of

FhPClz and PhFClaNMez.Cl

using 800 swesps

N pamr spectrum of

FhFClHﬁqé.

31pnmr -spectrum of

FhECINte,

\ Ao At Wt A ey © PhFCI(NMe,) .01

and




The solvent used for the solid samples was‘Nujol
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