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SYNTHESIS OF CHLORIDES, ESPECIALLY OF
POLYMERIC PHOSPHORUS NITRILIC CHLORIDES
We were able to elucidate completely the mechanisia of formation of poly-
meric phosphorus nitrilic chlorides.

Phosphorus pentachloride has a well known structure. 1 m the vapor state
the molecule is in the form of a trigonal bipyramid. Pure liquid PCl 5 exhibits a
Raman spectrum which has been interpreted on the basis of a trigonal bipyramid
structure. In the crystal, however, phosphorus pentachloride has an ionic struc-
ture corresponding to [PCI4] + [PCIB} . When phosphorus pentachloride is
dissolved in polar solvents, it acts as an electrolyte and is present in ionic form.
Transference number experiments indicate that [PCI4] t and [PCI6] -~ are
formed when phosphorus pentachloride is dissclved in nitrobenzene.

We suggested that with ammeonia and derivatives of ammonia respectively
phosphorus pentachloride may react as a salt [PCI4] + EPle,] ~. An ionic mech-
anism should be especially observed when a polar solvent is employed.

Sulfuryl amide reacts with phosphorus pentachloride:

H?_N--SOZ-NH2 +2 PCI5 - 01:1}P=N-SOZ-'N=PCI3 + 4 HC1 (1)
Urea reacts in an analogous manner. From the monoamide of sulfuric acid
Cl_P=N-SO_CIl is formed. The H-atoms located on the nitrogen atom are sub-

3 2

stituted by PCl The reaction of phosphorus pentachloride which was first stud-

3
ied by Kirsanov presumably proceeds such that the [PCI4] * reacts as a Lewis

acid with the amide:

H Cl™ €G!
R—N—PCl, —HEl, R—TNFPCI, -:-I?IE—I-R-N=P013 (2)
H H
I
With amines in an analogous manner reaction is observed:
R-NHZ + 1"‘(315 — RN=PCI3 + 2 HC1 (2a)
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Strong bases (amines) and phosphorus pentachloride, however, are producing
dimeric substances:

Cl
p.3
R-N(P‘;N-R

Cls I

Accordingly, monoamido phosphoric acid reacts in tetrachloroethane solution

rapidly and almost quantitatively in accordance with the equation:5
O . o)
3PCl_. + H N-.‘F’(OH)2 —» 20PCl_, + 4HCl1l + Cl_ P=N-PCl

5 2 3 3 2
III

‘We were able to show that ammonia or arnmonium chloride and phosphorus penta-

chloride may react in an analogous mannezr:

¢l H ¢l H,
C1-P-Cl + IN-H —» 01-1;-'—!'1}n + HCI
Cl H Cl H
lIVa +
C1,P=NH + H
v

+
The intermediate Product IV reacts with tlu'ther PCl1 to form the cation V,

which combines with the anion [PCI6] " to give th‘t stable salt VI. This re-
action occurs already at 40-60° C in polar solvents in almost quantitative yield.
The salt VI easily reacts with further NH4C1, giving a cation VII under P-N-chain
lengthening. VII was isolated in the form of a salt represented by VIII, 6

c1 P=N-H + PC1," — [c1,P=N-PCL,]T + mCl

4
v
[013P=N-1=013] [PC16] m.p. 310° (decomp.)
VI
+
[CI3P—N—~PCI3] + PCl_ + NH, ——[013P-N-1=012_N-p013]+ + 3 HCI
Vi
v [c1 P=N-PCl_=N-PCl ]+ [PCI ] m.p. 161°
' 3 2 3 6

This reaction could be carried out with about 80% yield. The reaction of

further ammonium chloride with VIII can now take two courses. In the one
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instance the chain-lengthening reaction can occur in accordance with the scheme
described above, leading to the formation of oily phosphorus nitrilic chlorides.

This is particularly the case, when temperatures from 160-200° C are employed
and when HC1 is not removed. The chains are terminally saturated with the ions

of hydrogen chloride and have the following structure IX:7

cl
c1 P:N—[PCI-—=N]—P=NH x=c14
3 2 x C1

X

In the other instance, reaction between the cation VII and NH4CI can lead

to trimeric phosphorus nitrilic chloride X.

N NP
é — . c1y Y el X
c1,P pé1 P +2HCl + H
3 3 P~ A
e c1 N el
H X

A further chain~lengthening reaction produces finally tetrameric phos-
phorus nitrilic chloride XI, in that a cation XII if formed which reacts further

with NH4CI under ring closure. The yield of the tetramer is of course not high,

since XII is only a by-product.

‘i’
[Cl P=N-PCl_=N-PCl_=N-PCl ]+ +NH, — Cl “ I\
3 2 2 3 N—

X XI

The constitution of all mentioned products was established by nuclear mag-
netic resonance spectra. Furthermore, VIwas reacted with SO2 whereby XIII was
formed as expected product. XIV was obtained when the salt VIII was treated with -

502. The constitution of products arising from the reaction with SO, were
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likewise determined with the aid of nuclear magnetic resonance spectroscopy.
0
[CI3P=N-P013] [PClé] +2 SOz — Cl3P=N-PCIZ+OZOSCIZ + OPCl3 {(3)
XII m,.p. 35.7

=N-PCI3] [PC16] +280, — 2 0SCl, + OPCI, +

[Cl 3'P=N-}?C1 3

2 2

Cl 3P=N-PClZ=N-PCl2

XIV m.p. 37°
XIII is found to be formed in numerous reactions in phosphorus chemistry.

First, we were able to obtain this compound in the reaction between P(.':l5

and the amides of orthophosphoric acid. 5 The second method of preparing this
acid chloride XIII proceeds from hydroxyl ammonium chloride, which is reacted
with equimolar quantities of PC1_ and PCl_ at elevated temperatures:

5 3
[H3NOH] Gl + PCl_ + PC1, — XIII + 4 HCI

5
A third method is given in equation (3).

A further method consists of the reaction of PCl3 with N204. PCI3 reacts
with N204 such that the tetrachloride of diphosphoric acid (XV) is formed. Fur-

thermore, according toc Klement a compound P4O4C110 was thought to be pro-
duced.8 This compound has been widely investigated, since it is interesting in
that it cannot be explicitely formulated. Hence, several theories concerning its
constitution were proposed; these dealt especially with the examination of the
molecular spectra. We found, however, that the compound "P O Cl__'" contains

4 4 10

nitrogen and that the product has the formula PZNOCIS and the constitution XIII,
9 .

P O Cl10 does not exist, ° XIV has not been found to have been formed in any

44
other reactions. 0 O
ClzP— O-PCI2

XV

The intermediate products of the synthesis of phosphorus nitrilic chlorides,
e.g. VIand VIII, may be obtained by other reactions toc. VI may be obtained

when NC1_ and PCl_ is allowed to react in an inert solvent:

3 3
NCl, + 3pCl, — [c1 p=N-PC1.] [PCl] (4)
VIII is formed when S4N4 and PCl3 is reacted. NMR measurements estalished
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formula VIIIL. The older formulations are not in agreement with these measure-

ments:

[013P=N-PC12=N-PCI3] [PClé] [PCI4] [NPCI3]

VIII right false

SYNTHESIS OF SOME POLYMERIC DERIVATIVES OF THESE CHLORIDES
All phosphorus nitrogen chlorides are useful as starting materials for the
research on phosphorus nitrogen polymers.
At first, the reactions of phosphorus nitrilic chlorides X and XI were
studied. We studied the effect of nucleophilic reagents on these quasiaromatic
ring systems,

It was found: 2, 3, 4, or 6 Cl-atoms of [NPCIZ] (X) are easily sub-

3
stituted by nucleophilic ligands. Strongly nucleophilic reagents attack in 1 and 3

position. Further substitution follows in 5 position of the six membered ring

system.
c1_ ¢l ci_ ¢l cl_ NM
N/ \ N2
P ¥ P
7 \ Ve \ N/ \N
c1) |01 Me Nrf “ Me,N | ' NMe,
P P
AVA o\ / \m o N,/ e
X XVI XVIL

Substitution rules were derived from the behavior of trimeric and tetrameric
phosphorus nitrilic chlorides. 12 The rules were checked by the synthesis of
isomers and by nuclear magnetic resonance spectra of the products. After we
knew these rules of substitution of chloride atoms by strong nucleophilic reagents,
it was possible to think out 2 reasonable way of preparing polymers,

We investigated the reaction of X with polymethylenediamines. .According
to the rules of substitution, we found the reaction products XVIII, XIX and XX,
With hexamethylenediamine, however, (or octamethylenediamine or

_ - - H - . .
HZN C6H10 CH2 CE} 10 NHZ) a polymeric substance was obtained. Two
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substances XXI and XXII were obtained, and their structures were elucidated.

cl ¢l clL cl cl  cl
N/ N/ N S
B B 3
Z \ #Z \ VRN
2N} 1,}’01 cal Ve ci} el
N QA F
/ /\ / N7\ / 7N\
HN NH HN NH
\
CH —CH CH,~CH,-CH, CHZ\C . CH
xvm XIX B—-CH,
ci ¢ i cL ¢l
P \P/
\ \
c1 IF 13’ c1\1}r/ N _Cl
\ P 15
H,N(CH,), N \ / N(CH,) N/ \ / \m\N(GHZ)él‘IH2
H bu H
XX1 )
[Clspsta_tg(CHz)sgg[P 3N3C14}'7_EI(CH2’6ﬂ .P3N3CI5]
XX1

A variety of derivatives of such compounds was obtained. With diphenyl phos-
phorus nitrilic tetrachloride (XXIII) analogous reactions were observed. Mono-
mers (XXIV), (XXV) are obtained with ethylenediamine; polymers are obtained

with diamines which contain a longer chain (CHzln.

1 1
c N /c /NH\ /Cl O\ /O
P CH P, P
R L~ 7N
>r'> I O CH, If O NH 1?7 I,f _NH,
1P B | P ‘QP\ P
N b HN-— O uv" N7 Nm
/
XXI1II \CHZ— CH,
XXIV XXV

Some of the polymers are resins. When heated to about 150° the polymers become
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thermoplastic. Of course, the behaviour depends largely upon the substituents.
Types of polymers which could be obtained with phosphorus nitrilic

chlorides as starting material:

R R "R R R R
\_/ \_/ N\ /
P P
NON NQN N N
~R AR
>p PN\N-R _N,_‘-—ll:’ P"‘N-R __N_afl’ P<r
H H|rR YN ®H "HIg N
- T
(A)
N/ \/ \V
N B N N PN N 2N
e, | O
H,N-R -N"P PN 4 N7 N T SN-RN-T ) ON-R,-NH,
H H H R 31 H R H
) (B) in
R\/R R\ /R
P P
N
RY N/R
-p P-N'—-O— C--<:>—N — —F P—N—R, —N—
|
N H H, H | R N H
n
I (C) | (D)

A, B, C, Dare derivatives of trimeric phosphorus nitrilic chloride.
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[ R R i
\P/ N | |
N P—N-—R,—N— HN HN
1 H —P=N-eP—=N-w—
—_ N | |
n
R/
P
N 7/ \
i R R ln
(E) (F)

F may be obtained starting with
the trimer or the tetramer

E is a derivative of tetrameric phosphorus
nitrilic chloride.

respectively.
C]',l Cl:l Cl'.l Cill
CI-EI-’=N 1?=I~{ 1=|'=N—-1|’ NH
Cl Cl 0 ? m
(G)

G is a derivative of the linear phosphorus nitrilic chloride, With traces of water,

IX is polymerized producing G.

[CI3P=N-PCI =N-P012=N-P013] [PCle]

2
(H)

[CI3P=(N-PCIZ); N—PCls] [PCIG]

(1)
H and I are products of the reaction of NH401 and PCIS. Further, it can be
shown by NMR spectroscopy that when trimeric phosphorus nitrilic chloride is

reacted with PCIl5 by heating the two substances in a closed tube at about 2200,

the salts I are formed.
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Other polymers could be obtained with Cl P---N-PC‘.I2 (XIII) as starting

material. Each chlorine atom in this compound c3a.n be substituted by an amino
group (XXVI). It became apparent in the preparation of the anilide (XXVIb) that
polymers are easily formed if the procedure of preparation is carried out at
temperatures in excess of 0° C. The amides XXVII are condensated to polymeric

substances when heated to 150-200° C (XXVIII).

[temp,n] 3P=N;g [vewy), ], [O -N|.P =N'g[N' Q l;

H H
XXVIa XXVIb
o
P=N- -
[tcr,) N] ,P=N-P[N O]Z
H -
XXVic
[ H ]
R Q (R RO /N'R
H"N 3EP=N"P= N-H 2 —— _N_P—N=P< 200
HN-R N-R| ©
H
n
XXVII - XXVIIL B

With hexamethylenediamine a pentamide was formed. This amide was

sensitive towards water, and with water a stable polymeric substance XXIX was

! formed.
HO @ Ho o o9
' -(CH2)3-N-géO H3N—(CH2)3-(CH2)3—-N;§-O H3N-(CH2)3-
@ i
H.N
' (CH,)
- n

Another polymeric material is formed when C13P=N--P(O)CIZ is brought to re-
action with urea or with K [OCN] . However, (CI)Z(C6H5)P=N-P(C 1) (C6H5)
which was prepared just recently may be a better starting material for such poly-

mers.
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