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I. Introduction 

A great number of compounds containing the phosphazo group 
-N=PXS (X = halogen) is known; their reactions and applications have 
led to very intensive investigations. In the last 7 years (since 1964) over 

* Present addreas: Huegelgaase 8/10, Wien 13, Austria. 
1 



2 M. BERMANN 

300 new papers dealing with this subject have been published; yet there 
is no comprehensive and up-to-date review about these compounds. 

The present review does not consider the chemistry of the cyclic 
phosphonitrilic compounds (phosphazenes) (PNC12), (n 2 3) ; many 
authoritative reviews on this subject have appeared (182, 188b, 220b, 
292, 355, 357, 407, 418, 420, 525) as well as shorter ones (3a, 4, 55, 406, 
415-41 7 ) .  Linear phosphorus-nitrogen compounds have been reviewed 
lately (161, 188). Also phosphinimines do not fall within the scope of 
this survey, unless they can be prepared from phosphazotrihalides or 
are made available through analogous syntheses. There exists an excel- 
lent review about phosphinimines (483) and another one which is related 
to them (392). 

Phosphazotrihalides are, however, sometimes mentioned in reviews 
(16, 19, 68, 161, 188b, 206a, 342, 350, 389, 408a, 411, 492a). Kirsanov 
and co-workers have provided an excellent coverage of these compounds 
up to early 1964 (137), and very recently a Russian review about 
cyclodiphosphazanes (1806) has been published. Otherwise only very 
short reviews (224,227, 427b) from Kirsanov’s group have appeared. 

The present survey considers the syntheses and reactions, along with 
physical data, of all compounds containing a -N=PX, group (X = hal- 
ogen). The abbreviations used are : Me = methyl, Et  = ethyl, Pr = n- 
propyl, Bu = n-butyl, Am = n-amyl, and Ph = phenyl; if not otherwise 
stated, R = alkyl group, Ar = aryl group, X = halogen, and Y, Z =other 
substituents. 

Original papers (over 80% of the literature references) were consulted 
whenever and wherever possible. The literature (primary, secondary, and 
tertiary) has been surveyed up to the end of November 1971. Names 
of Russian and Japanese authors are given as listed in Chemical 
Abstracts. 

It. Nomenclature 

No consistent system is available for naming phosphorus-nitrogen 
compounds. In the particular case of -N=PX, compounds the presence 
of the monomeric form -N=PXs (as a derivative of the hypothetical 
phosphinimine HN=PHs) and the dimeric form (-N=PX8)2 (cyclodi- 
phosphazane) gives rise to very different nomenclature systems. Table 
I summarizes the most commonly used nomenclature ; nomenclature 
preferred by Chemical Abstracts is set in italics. 



TABLE I 

NOMENCLATURE OF PHOSPHORUS COMPOUNDS~ 

Compound Trivial name Rational or partly rational nomenclature 

C120PN=PC13 

ClS02N=PC13 

HN==PH3 

RN=PC13 

1,1,1,3,3,3-Hexachlorodiphosphonitrilium 
hexachlorophosphate 

- 

l ,l ,  1,3,3,3-Hexachloro-2,1,3-azadiphos- 
phapropanium[ l]hexachlorophosphi- 
methanate 

- 

Phosphinimine 

Alkylphosphorimidic trichloride 

Iminobis( trichlorophosphazy1)hexachlorophosphate 

Trichloro[ (tPichlorophosphoranylidene)amino]- 
phosphorus( V )  hmachlorophosphate 

Trichlorophosphazophosphorus(V) oxychloride 
( Trichlorophosphorany1idene)amidophosphoryldi- 

Trichlorophosphazosulfonyl (or -sulfuryl) chloride 
Trichlorophosphoranylideneaulfamoyl chlwide 
Monomeric form : 

chloride 

Dimeric form : 
Phosphazene Diazudiphosphetidine 

Diazadiphospha- 
cyclobutane 

Monomeric form : Dimeric form : 
N - Alkyltrichloro- Dimeric N-alkyltri- 

phosphinimine chlorophosphin- 
imine 

(continued) 

w 



TABLE I--continued 

Compound Trivial name Rational or partly rational nomenclature 

N -Alkyltrichloro- Dimeric N-akyltri- RN=PCl3 Alkylphoaphorimidtk triddo7ide 
phosphazene chlorophosphazene 

1,3-Didkyl-2,2,4,4- 
tetrahydro- 
2 , 2 , 2 , 4 , 4 , 4 - h ~ -  
~ h l o t ~ - 1 , 3 , 2 , 4 -  
diaZadiphoa- 
p W i W  

2,2,2,4,4,4-Hexa- 
chloro- 1 3 -  
dialkylcyclo- 
diphosphazane 

2,2,2,4,4,4-IIexa- 

dialkyl- 1,3- 
diszn-2,4-diphos- 
phacyclobutane 

- Trich.?orophoaphazodkyl 

ChlOrO-l,% 

- 2 , 2 , 2 - T ~ ~ 0 - 1 , 3 - d i r n e t h y l - 2 , 1 , 3 - p h o a p ~ (  V ) -  
diazet idiW-4 

2,2,2- Trichloro-1 ,3-dimethyl-l,3,2-diazaphospha- 
~ ~ ~ ~ l o b u t a ~ - 4  

II 
0 

a Compound names in italics are those preferred by Chemical Abstracte. 
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I l l .  General Remarks Concerning the Synthesis of Phosphonitrile Chlorides 

The mechanism for the synthesis of phosphonitrile chlorides has 
been investigated particularly by Becke-Goehring and co-workers (19, 
30,310). It is suggested that this reaction follows the route of a Kirsanov 
reaction (221) : PCl, can react in polar solvents by an ionic mechanism, 
the Lewis acid PC14+ reacts with an amine (for example, ammonia) with 
formation of (I) ,  which deprotonates and eliminates HCl forming the 
previously postulated (357, 366) trichlorophosphinimine (11). This com- 
pound (11) is not stable;* i t  polymerizes in the presence of excess NH, 

during the reaction with elimination of HCl to give cyclic phosphonitrilic 
chlorides (PNC12), (n 2 3) or reacts with excess PCl, (in form of PC14+ 
ion) to give the cation [Cl,P=N-PCl,]+; the latter is stabilized by the 
PC16- anion. This ionic compound can react with ancther Cl,P=NH unit, 
etc., so that, in general, linear phosphonitriles with a different number 

(PNCln)" (n r 3) (eimplified) 

( G C ,  
ClsP=NH ' (2) 

(11) * 
[ClaP=N-PCls]+ [C~~P=N-PC~S]+[PC~~]- 

of -Cl,P=N units are obtained (30) .  The different steps are thought to 
be as follows (NH4C1 as NH, donor) : 

[ClsP=N-PCla]+ + NHs - ClaP=N-PClo=NH + H+ + HCl 

PCI4+ / (3) 
y/ 

[ClsP=N-PClo=NPCls]+ + NHs - ClaP=N-PClp=NPCl~=NH + H+ + HCl, etc. 

* Recently (CCls)zP(Cl)=NH, b.p. 68"-69"/0.03 Torr, f.p. = 41°-42", has been 
isolated from the reaction of (CC13)2PC13 with ammonia ( 2 9 4 4 .  
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The linear intermediates eliminate HCl in an intramolecular reaction to 
give the trimeric and tetrameric phosphonitrile chlorides (hexachloro- 
phosphazatriene and octachlorophosphazatetraene). For details, cf. refs. 

Cla 
CIIP-N=P+I Clap-N=PCla 

N N-H __+ N N 
I) -7 -HCI I1 I 
I I I I1 

ClpP=N-PCla ClpP=N-PCIa 

(19,30,161,310,521a) .  A modern approach to  this subject is also given 
(406).  

IV. Ionic P-N Compounds Containing -N=PX3 Groups in the Cation 

A. SYMMETRICAL CATION (Two P ATOMS IN THE CATION) 

1.  Syntheses of the Chlorides 
The first isolable compound [C1,P===N===PCl,]fPC1,- (111) from the 

reaction of PCl, with NH4Cl is formed under controlled conditions 
(solvent nitrobenzene or a mixture of sym. C2H2Cl4 + POC13, tempera- 
ture = 4So-6O0) (15, 19, 21, 24, 28, 310) or from C5H5N-PC15 + NH4C1 
(310) ; it is also formed from excess PCl, and hydroxylamine (24, 29) 
[with (V) as intermediate], from PC1, and NCl, (14, 19) and, in minor 
quantities, from S4N4 and PCl, (29)  ; the latter reaction had previously 
been interpreted incorrectly (177,183).  Compound (111) is also described 
in a patent ( l o ) ,  but the given structure PNCl2*2PC1, is erroneous. Other 
syntheses of (111) include the phosphorylation of PhCH(NH2)S03H with 
PClb (molar ratios 1 :5) or of PhCHNH,P(O)(OEt), (1 :6) (543),  as well 
as the following reactions (315) [Eqs. (5)-(7)]: 

C13P=NPOClz + 2PCI5 + POC13 + (111) 
(V) 

(7)  
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The chloride corresponding to (111) , namely, [C13P=N~PC13]+Cl- 
(IV),  is formed as a C2H2C14 adduct from P2NSC‘l, (VI )  with chlorine 
which loses the solvent by heating ( 2 9 ) ;  (IV) is also formed from 
hydroxylamine hydrochloride and PC1, ( I  I ,  2 4 ) .  These compounds like 
all ionic compounds containing a t  least two -N=PX3 groups in the cation, 
are resonance-stabilized, and are best represented by the formulas (IVa) 
and (IVb). Other derivatives of ( IV) ,  such as the BC1,- (346) or SbC16- 

+ t 

[C13P=N-PC13] H [C13P-N=PC13] 
UVa)  ( IVb)  

compound (15, 29, 395) are known. The former compound may also be 
prepared from NH3.BF3 and 3 moles of PC1, ( 5 1 ~ ) .  The latter can also 
be prepared directly from NHISbCla and PCI, (395) or from PCI,+SbCls- 
and NH,C1 (310) or results from the thermolytic degradation of his( tri- 
ch1orophosphazo)benzyl hexachloroantimonate, [PhC(N=PCl3),]+SbCle- 
with loss of benzonitrile (402) .  Similarly, [CI3P==N=PCl3]+X- (X- = 

AlC14-, FeC1,-) have been isolated ( 5 0 9 ~ ) .  

2 .  Reactions of the Chlorides 
Reaction of (111) (15, 28,315) or ( I V )  (29)  with SO2 or NH,OH.HCl 

(with addition of PC13) (24)  yields trichlorophosphazophosphorus( V) 
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oxychloride (V). The same compound can be obtained from (111) with 
P40 (413) or formic acid (192). 

Liquid ammonia and (IV) produce a compound, P2N7HI2C1, having 
the following structure : 

(36) ,  which can also be obtained by thermal condensation of 
[P(NH2)4]+C1- (287,405) or, as the iodide, from [P(NH2)4]+I- (404) .  The 
reaction of (IV) with NH4Cl yields higher linear polymers (30) (cf. 
Section 111). 

[Cl,P=N-PCl,]fBC14- and SO2 react in a rather complex way, 
whereas with H2S the compound (VI) is obtained (51e) and with 
MeNH,Cl a ring-closure reaction occurs (51d) .  Excess ammonium thio- 
cyanate gives [(SCN),P=N===P(NCS),]+[B(NCS)4]- (51b) and fluorina- 
tion (AsF,) affords the cyclic compound (NPF2-PF& ( 5 1 ~ ) .  

The thio analog of (V) can be prepared according to Eq. (9) (13,29)  ; 

8+PcliN=Pc~s + P8Clr + 4HC1 (9) 
Y (111) + 2HpS 

(111) + 08 u (VI) 
it results also as a by-product from the reaction of S4N, with PCls (29) .  

For further details concerning compounds (V) and (VI), cf. Section 
V,A. 

A longer chain polymer [C1,P==NPCl2==NPC1,]+PCl,- is obtained 
from (111) and NH4C1 (molar ratios 5 : 2  to 3:2) (29) (for details, cf. 
Section IV,B, 1) ; reaction with H2NS03H gives NPC12(NSOCl)2 (70a). 
Compound (111) and red phosphorus do not yield the expected 
Cl2PN=PClS (postulated as an intermediate), but give mainly cyclic 
phosphazenes (158). 

~[C~~P.;-NI..PC~~]+PC~~- + 4P -+ (PNC12)2n + by-products (n = 2, 3, . . .) (10) 

The reaction of (IV) with a linear substrate Ph4P2NSH4Cl gives no 
characterizable product (78), but with MeNHsCl in the presence of BC1, 
a six-membered ring containing P, N, and B atoms can be obtained (16, 
34; cf. also 512); an analogous six-membered ring with P, N, and A1 
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atoms is known ( 5 0 9 ~ ) .  (IV) and MeNH,Cl react only (169) according to 
Eq. (11). 

2(IV) + 2MeNH3Cl + (PNC12)4 + 2MeCl+ 6HC1 ( 1 1 )  

Various amidinium chlorides react with [C1,P=N=PCl3]+SbCl6- 
to give substituted diphospha-l,3,5-triazines (400, 402). Heating 
[C13P-N-PC1,]+BC1,- with AlC13 in sym. C2H2Cl, is said to give a 
product ( BP,N,Cl,), to which a borazine-like structure with four fused 
six-membered rings was assigned (346), but no adequate confirmation 
was given. 

Linear phosphonitrile compounds analogous to (111) and (IV),  such 
as [Ph,P(Cl)-N-P(Cl)Ph,]+Cl-, have been reviewed recently (161) and 
so are not within the scope of this review. 

3. Syntheses and Reactions of the Bromides 
John and Moeller (205) obtained only poor yields of (PNBr2), by 

reacting PBr,, excess bromine, and NH,Br at  temperatures of 116"-120", 
but red crystalline substances of the general formula PNBr2 - PBr,,, 

room temp. 80=100' 

Bra Bra 
red red yellow 

PNBrg.PBra+. . PNBrr-PBr, / PNBrr - PBr6 (12) 

(n  > 0) (206) were formed. These substances can be formulated as 
[Br3P-N===PBr3]+Br3- and [Br,P-N-PBr,]+Br-, respectively, Easy 
addition of bromine with probable formation of polybromides 
PNBr,mPBr,+, (n  2 0) with varying bromine content occurs (206). On 
raising the temperature to 85", [Br,P-N-PBr,]+Br,- slowly loses 
bromine (75)  ; above 120" polymerization to smaller amounts of (PNBr,), 
and (PNBr,),, as well as larger amounts of higher polymers, was ob- 
served. A short discussion concerning the ionic structure of these sub- 
stances is given in the literature (75) .  

B. HIGHER IONIC P-N COMPOUNDS (MORE THAN Two P ATOMS IN THE 
CATION) 

1. Syntheses 

As already mentioned in Section I V ,  A, 2 the reaction of P,NCl,, (111) 
with NH4C1 (ratios 5:2 to 3 2 )  gives P3N2Cl, (VII) (29 ) ;  the same 



SCHEME 2.  Reactions of (111) rand (IV) and syntheses of ( V )  and (VI). 
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compound had already been described earlier in a patent (51) but was 
not characterized properly. Compound (VII) is also obtained by heating 
the corresponding hexachlorophosphate (VIII) (29) .  Compound (VIII) 

(VIII) 

also results from PC15 and NH4C1 (2  :1)  along with (IV) ( I & ,  23), as well 
as from the thermolysis of (IV) at 150" (2  hr) in 82% yield (30) .  It is 
also a by-product from the reaction of S,N, with PCl, (23, 29) and a 
major product from that of (PNCI,), with PCl, (156) at  elevated tem- 
peratures (200'-220") (cf. Scheme 3) .  

A higher homolog of (VIII), P5N3Clla, [Cl,P-NPCl,===NPCl,-= 
NPC13]+PCls-, is formed in poor yields in the synthesis of (VIII) (30) .  
The same compound is formed in the reaction of (PNCI,), with PCl, (1 :2, 
250°, 11 hr) (339). The next higher homolog, [C13PN-(PC12N),-PC13]+- 
PC16-, is formed from (PNCl,), and PCl, (1:2,  250°, 100 hr) (339) .  
Higher polymers, [C13PN-(PCl,N),-PClS]+PC1R- (n = 4 or 5),  have been 
identified by 31P NMR (339) ; a cationic mechanism for the formation 
of these compounds is suggested. 

Long-chain polymers of the probable structure Cl,P=N-( PCl,N),,- 
PC12=NH (n  = 8-13) have been reported (27) .  Related high polymers 
with terminal -N=PCl, groups were isolated by Paddock (356) and Lund 
et al. (323) from the reaction of (PNCl,),, (n  = 3 , 4 )  with PC15 (molar ratios 
lO0:l). 

Recently Schmidpeter and Weingand (405) synthesized the com- 
pounds [P(N=PCl,),]+X- (X- = C1-, SbCl,\-, Cl,I-, Hg13-). 

[P(NH2)4ltC1- + 4PC15 --z [P(N=PCla)d]+Cl- + 8HC1 (13) 

P,N,F, and alkali metal fluorides in the presence of Ph,AsCl undergo 
ring cleavage forming the compounds [ F,P-NPF,=NPF,=N]-[AsPh,lf 
(376) and [F,P=NPF,=N]-AsPh,+ (identified spectroscopically) [see also 

[C13P=NPC12-:-NPC13]+PCl~- 

(140a)l. 

2. Reactions 

Compounds (VII) and (VIII) react with SO, giving Cl,P=NPCl,= 
NPOCl, (23, 28, 29, 524a), the corresponding thio analog is obtained 
from ( V I I I )  and H,S (13a, 29). Ammonolysis of (VIII) yields (PNCI,), 
(19 ) ;  witfl? H2NS03H the compound NPCl,(NSOCl), is obtained (70a) .  
This compound can also be obtained on other ways (cf. Section V1,B). 

When [C13PN=(PNC12)2=PC13]+PCl,- is heated to 30Oo-35O0, it yields 
different linear polymers, among them (111) (339). The tetrachloro- 
aluminate and tetrachloroborate of the I C1,PN=(PCl,N)2-PCl,]+ ion are 
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thermally stable substances up to 700" (339) ; analogous compounds with 
other anions have been described [(344, 345), cf. also (407)l .  The com- 
pounds [C1,PN=(PC12N),=PCl,]+C1- (n = 2 ,  3 )  react with metal halides 
such as NbCl,, MoCl,, TaC16, PtCl,, WC16, or RuC14 to give viscous oils 
of probable composition [C1sPN=(PC12N),PCls]+MmClm+l (m = valency 
state of the metal ion) (341);  reactions with NbOC1, and W02C12 (341) 
and with phenol (192c, 374), aniline, MeNH,, and EtOH (374) have also 
been reported. 

The higher polymers [C1,P(=NPCl2),NPC1,]+C1- (n = 3-16) lose PC1, 
when heated in an inert atmosphere to 240°-260°, forming longer P-N 
chains with an average molecular weight of 3000 to 10000 (50c). The 
ammonolysis product of only one higher linear polymer has been de- 
scribed ( 5 0 9 ~ ) .  

Finally, [P(N=PCl,),]+Cl- reacts with SO2 to give C120PN= 
P(N=PCl,), (403).  

C. IONIC COMPOUNDS CONTAINING [P-N-C( R)-N-PI UNITS 

1.  Syntheses 

The first member of this series is [Me2NPClS]+SbC16-, which can be 
isolated from the reaction of [Me2NH2]+SbCl6- and PCl, (395).  The 
corresponding hexachlorophosphates [R2NPCl,]+PC16- have previously 
been described by Michaelis (334),  but have been formulated as 
R2NPC14*PCl,. The tetrachloroborates result from R2NH -BF, and PCl, 
(51g).  Reaction of RNH2-BFS (R = Me, Ph) and 2 moles of PCl, gives 
rise to the compounds 

t 
ClSB--N=PCls 

R 
I 

( 5 V  1; 
+ 

ClzFB--N( R)=PCls 

may also be obtained (5lf  ). 
Cyanamide and PCl, give 

[ C ~ ~ P - . N - C - N - P C ~ S ] ~ P C ~ ~ -  
I 
c1 

(266,207) ; the same compound is isolable in poor yield from the reaction 

NC-NH2 + 3Pc15 --t [C~~P-.N-CL=.N.-PC~~]~PC~~- + 2HC1 (14) 
I 
c1 
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of urea and PCl, (207). The mechanism involved in the first step is 
thought to be a Kirsanov reaction on the amino group (introducing a 
-N=PCl, group), followed by attack of a PCl, molecule on the CzN triple 
bond with chlorination and formation of a second trichlorophosphazo 
group (16) .  

Similar compounds 

[C13P-N-~-C~-N..--PCl~]+SbCls- 
I 

R 

were obtained by Schmidpeter et al. (396,397) as condensation products 
of amidinium hexachloroantimonates and PC16. 

(15) 
2PCll 

HsN-C=NHa+ __+ [ C l s P ~ N ~ - N ~ P C l s ] +  
I 
R 

I 
R 

R = Me, Ph, NMe2, CC13 (the latter by using an excess of 
PCls during the reaction of the methyl compound) 

Stepwise phosphorylation of guanidine with PC1, has been accom- 
plished ; all intermediates could be isolated (422).  

NH NH 
I1 PCI, II PCll 

HpN-G-NH2 * HC1 ClsP=N--CNHn -HCl - - 8HCI 

C=NPCls C1- (16) 
CI8P=N’ I+ MH 

ClaP=N--CN=PCls - 
The latter compound has also been described independently (26b) ;  the 
hexachloroantimonate salt had been described earlier (396,397). 

The analogous condensation of PhzPSCl with dimethylguanidinium 
sulfate yields Ph2P(S)-N=C(NMe2)NH2 (398) which reacts with PCl, 

(399) as shown in Eq. (17 ) .  The corresponding hexachloroantimonates 
could also be obtained (399). 
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2.  Reactions 
Arsenic trifluoride fluorinates 

+ 
Cl&-N=PC13 

I 
Me 

to BF, and (MeN=PF,), (51h) and [Me,NPCl,]+BCl,- to Me2NPF4. 
A ring-closure reaction occurs with bis( trichlorophosphazy1)methyl- 

(393, 402) or -phenylhexachloroantimonates (393, 394, 402) and excess 
ammonium chloride to give the corresponding diphosphatriazines 
RC(NPCl,),N in good yields. The same cyclocondensation with MeNH,Cl 
or PhNH,CI stops a t  the hexachloroantimonate salt of these triazines 
(394, 396). 

PI’ ClsP=N-C-N-PCls SbCls- + R’NHaCl 

- 2HC1 I 
R 

SbCls- (not isolated) 

R 
I 
‘N 

II I 
ClaP, ,PCla 

I 

”C‘ 

N 

R‘ 

SbCla- 

R = Me, Ph 

R’ = Me, Ph 

The thermolytic behavior of [RC(NPCl,),]+SbCl,- depends strongly on 
the nature of R. With R = Ph, elimination of benzonitrile occurs giving 
[N(PC13)2]+SbCla-; with R = Me, only tars are formed and with 
R = Me,N no condensation occurs (402) .  

The reaction of the saltlike compound 
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with SO2 results in the formation of a six-membered ring (393). 

D. UNSYMMETRICAL IONIC P-N COMPOUNDS 
1. Syntheses 

manner (26) : 
The reaction of PhzP(S)NHz with PCl, proceeds in the following 

PhsP(S)NHn + SPCls - PCla- + PSCls + 2HC1 (20) 

Compound (IX) results also (25) as shown in Eq. (22). 

Thiophosphoryl triamide reacts with PCl, to give the ionic compound 
(X) (33,155) in contrast to the reaction of OP(NH2), (cf. Section V,A). 

BPCI. 
SP(NHs)a __+ 

Excess PCl, produces the hexachlorophosphate salt of (X),  P5N3Cl,, 
(XI) (isolated as the C2HzC1, adduct) (302). 

Other -N=PCl,-containing unsymmetrical ionic compounds are 
formed in the first step of the phosphorylation of aliphatic (297f, 442) or 
aromatic (443) thiocyanates and of aryl cyanates (443a). 

PCI. 
RSCN + PCls - [RSCCl=NPClr] - [RSCCl=NPClo]+ PC1a- (24) 
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pcll 
ArOCN + PCl6 - [ArOCCl=NPCld] - [ArOCCl=NPCls]+ PClr- (26) 

I*-. 
[(ArOCCl=N)pPCla]+ PCls- 

Ar - Ph; o-, m-, p-MeCaH4; p-ClCaH4; 0- ,  p-BrCaH4; 3,6-Me&H~, 1-ClOH.r 

Derkach and co-workers prepared compounds of the type 
[RC(=NPCl,)OR’]+Cl- (R = Ph, p-BrC,H,; R’ = Et) by reacting 
RC(=NCl)OR’ and PCl, (or PCl,), as well as [(RO),C=NPC13]+C1- 
(R = Me, Et) from (RO),C=NCl and PCl, (127) (see also Section VI1,A). 

Addition of PX3 to N-bromotriphenylphosphinimine results in the 
formation of ionic compounds [X,P===N-=PPh,]+Br- (7). 

PX3 + BrN=PPh3 -+ [X3P=N=-PPhs]+Br- 
X = C1, Br 

The phosphorylation of various cyanides (for details see Section 
VIII,B,l , phosphorylation of nitriles) at  room temperature results in 
the formation of ionic compounds (16, 239, 307, 423, 425, 445). These 

r -3 

compounds were formulated earlier as H2C=CNPC14 PC1, and ClCH= 
CNPC14 PCl,, respectively (239, 425). 

Higher nitriles yield 

[C13P=NCCl=C-PC13]+PCls- 

R 
(R = Me, ClCHa, Et, Pr, Bu, i-Bu, Am) (445). 

I 
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The compounds [R2C(CN)CC1=NPCl,]+PC16- (R = C1, Me, Et, Pr) 
result as intermediates in the phosphorylation of dinitriles ( 2 9 0 ~ )  (cf. 
Section VIII,B, 1 ) .  

2. Reactions 

gives Ph2P(C1)NPOC12. Analogously, (X) reacts with SO2 giving 
Reaction of [Ph2P(C1)NPCl,]+PC16- with SO2 (26) or DMSO (192) 

, N=PCla 
Cl-P=NPOClp 

N=PCls \ 

(155) and with HzS to give the corresponding thio compound. 
Interaction of [RSCCl=NPCl,]+PCl,- (€3 = Et, Ph, p-MeC6H4, 

p-O2NC6H4) (442, 443) with excess PCl, yields CCl,N=PCl,, which can 
also be obtained on other ways (cf. Section VIII,B,l). Heating the 
above-mentioned ionic compounds ( 120'-130°) results also in formation 
of CCl,N=PCl,, as well as HCl, PCl,, and MeCHClSCl (in case of R = Et)  
(442), whereas with R = aryl groups, PCl, and ArSSAr are obtained as 
by-products (443). 

120"-130~ 
[ArSCCl=NPCla]+ PCla- [ArSCl] + cl&N=Pcl8 + PCla (30) 

I..'. 
ArSSAr + PCls 

Sulfur dioxide reacts with [ArXCC1=NPCl,]+PC1,,- [X = S (443) ; 
X = 0 (443a)l to give ArXCCl=NPOCl,. 

The thermal decomposition of [C1,P=NCC1=CRPC1,]+PC1,- (R = Me, 
CHC12, Et, Pr, Bu, i-Bu, Am) at 150'-200' results in formation of HC1, 
PCl,, PCl,, and RCClZCCl2N=PC1, (445) (for details cf. Section VIII,B,l), 
and compounds with the formula [RC(=NPCl,)OR']+Cl- (R = Ph, 
p-BrC6H4; R' = Et) at 130' give R'C1 and RCON=PCl, (127) (see also 
Section VI1,A). 

The ionic compounds [PhSP==N=PX3]+Br- (X = C1, Br) hydrolyze 
with HX elimination to yield PhSPNP(0)Xz (5,7) ; in the case of X = C1 
the corresponding product results also from the reaction of PhSP, PCl,, 
and hydroxylamine hydrochloride ( 7). 

The reactions of the ionic intermediates obtained by the phosphoryla- 
tion of nitriles are represented by the following scheme (16, 307, 423). 



THE PHOSPHAZOTRIHALIDES 19 

801 
PC1a- - Cl~P=NCCl=CHPOCl~ 

POClr, - 80Cl.' 

ClsP=NCCl~CClsPOCls 
CII - Cl&CClnN=PCls /c1 Cl&=C 

'N=PCls 

180=200~ 
ClaP=NCCl==CCla 

ClaP=NCCl=CClPOCla 

H\ /N=PCls 

c1 /c==C~Pocl, 
PCla- reacts with SO2 giving 

(307). 

Compounds [R2C(CN)CC1=NPC13]+PCl,- react with SO2 to  give 
R2C(CN)CC1=NPOC12, SOCI,, and POCl, (290~) .  

E. SPECTROSCOPIC INVESTIGATIONS 
1. Infrared Spectroscopy 

A normal coordinate analysis of [CI 3P===N-;PC13]+CI- (IV) and 
[Cl3P-N-PCl3]+PC1,- (111) has been carried out (12)  ; the most prob- 
able value of PNP is 140'" giving a force constant of 6.97 mdynes/A 
and a bond order of b = 2.0 (12, 180). As characteristic frequencies of 
these compounds the following have been assigned (12)  : vB NP, a t  833 
cm-', vas NP2 at 1298 cm-', vs PCI, a t  468 cm-l and vaB PC13 a t  653 cm-' 
for compound (111) and 778 cm-l for v, NP,, 1338 cm-' for vaS NP2, 421 
cm-' for va PCl,, and 592 cm-' for vaB PCl, for compound (IV). 

Three characteristic bands for compounds of the type [RC(NPCI,),]f- 
SbC16- are assigned between 700 and 1100 cm-l(397) ; vB PN lies between 
670 (R = CCl,) and 727 em-' ( R  =Me). 

* The X-ray structure investigation of the related compound 
[P~zP(NH~)===N===P(NH~)P~~]+C~-  gives a value of t PNP of 136" ( 7 4 ) .  
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2. Nuclear Magnetic Resonance 
Phosphorus-3 1 NMR has proved very successful in elucidating the 

structures of the compounds described in Sections IV,A,l to IV,D,l. 
Mention of this subject is made in a few reviews [(159, 164, see also 

a. Symmetrical Cations. The cations of (111) and (IV) show only one 
peak (6, =-21.4 ppm) in the 31P NMR (15, 23, 155), thus showing 
magnetic equivalence of the two phosphorus atoms. The PCl,- anion in 
(111) gives the peak at  -306 ppm (Fig. 1). 

(1911. 

-2l.k -305 I XI-' 

FIU. 1. 31P NMR spectrum of [C~~P-N-PC~~]+[PC~S]-. From reference (155) .  

A spin-spin coupling is observed in compound (VIII) with the 
characteristic ABzC pattern (153,155) (Fig. 2). 

The compound [C13P=N(PNC1z)ZPC1s]+PC16- (x = 2) has been shown 
to be linear (30,157). Higher homologs (x = 2, 3) have been synthesized 

-72.5 73.6 -305 r70-6 

FIG. 2. 31P NMR spectrum of [C13P=NPC12=NPC13]+[PCl6]-. From reference 
(155) .  

recently (339), but has been postulated earlier on the basis of 31P NMR 
results (156). Figures 3s-c and 4 give the appropriate spectra. In  general, 
a C13P=N group (terminal group) gives a chemical shift around -12 ppm 
(39,156, 310), a -NPCl, group (in the chain) is centered around 14 ppm 
(155, 156), and the PCl,--anion at -300 ppm (155, 156, 160). Further- 
more, increasing the value ofx results in shifting the cationic phosphorus 
atoms to higher field and, in addition to this, the band width of the most 
shifted cationic phosphorus atom decreases. It can be concluded that 
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-13.1 t 11.3 ppm 
+ 10.9 

-12.8 
Ho - 

FIG. 3. (a) 3lP NMR spectrum of [C13PN(PClzN)zPCl3]+[PCle]- (from the re- .  
action of PC15/(PNCl&. From reference (156) .  (b) 31P NMR spectrum of [ClaPN- 
(PClzN)zPC13]+[PCle]- neat. From reference (157). (c) 31P NMR spectrum of 
[C13PN(PClzN)zPC13]+[BC14]- (from the reaction of PCl5 and (PNC12)a. From 
reference (339). 
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with higher values of x (4  or 5) the cationic peak shifts to 15 ppm (339) 
or with 2 - 10 to 18 ppm (323).  

The compound [P,(N=PBC1,) $X- (405) gives a chiracteristic AB4 
spectrum with SP, = 38.5-39.3 ppm (depending on the nature of X-) and 
with SPA= 3 .P4.1  ppm (JpNp = 28.7 - 29.9 Hz). 

1 

- 11.5 
t 13.4 

" 0  - 
FIG. 4. 31P NMR spectrum of [C13PN(PC12N)3PC13]+[PCl6]-. From reference 

(339). 

6 .  Cations with (P===N-C(R)===N-P) Units. The resonance in 
cations of the type [C13P=N-C(R)-N===PC13]+X- (R = C1; X- =PC16-) 
is shown by the fact that only one peak (8, = -38.5 ppm) for the cation 
is obtained (16) .  Similar results occur with R = Me, Me,N, C13P=N-, and 
X- = SbCla-, but a strong dependence of the chemical shift of the 
cationic phosphorus atoms on the nature of R is observed (396, 397). 
An obviously erroneous result for 

with two peaks (-13.2 and -32.9 ppm, ratio 2:1,  respectively) was 
recently reported (422).  

The equivalence of the two phosphorus atoms is also shown in the 
'H NMR spectrum (396, 397) of [MeC(NPC13),]+SbC16- consisting of a 
triplet. The proton nuclear magnetic resonance spectrum of [Me,NC- 
(NPC1,),]%bC1,- (at 40") shows a quartet of nonequidistant h e s  (part 
of an A,X, system) (396, 397), which turns to a triplet (AX,) a t  90" 
(Fig. 5). 

c .  Unsymmetrical Cations. The compound [Ph2PA( C1)=NPBC13]+C1- 
gives two peaks (apA = -42.3 and a,, = -14.3 pprn), both showing tetra- 
coordinate phosphorus (26)  ; [C1P,(N=PBC13)3]+X- [X- = C1- = (X) ; 
X- = PC16- = (XI)] similarly show two cationic peaks (SPA = 26.8 and 
S,, = -6.5 ppm) (302) .  
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7oHz 

FIG. 5. 1H NMR spectrum of [MezNC(NPC13)2]+[SbClo]-. From reference (397). 

The structures of the ionic compounds resulting from the phosphory- 
lation of nitriles have been elucidated mainly by 31P NMR spectroscopy 
(16, 307). Cis-trans isomerism was shown for the following substances. 

H\ /N=P*Cla + 

Pccle- 1 ,c=c 

8pA = -16.9 pprn 8pg = -83.1 and 8pA = -7.8 pprn 8pB = -84.0 end 

-80.7 ppm 8pc = 297 pprn -86.0 ppm 8pc = 292 pprn 

The compound 

gives only the three expected peaks (tipA = -14.2, tip, = -85.0, a,, = 296 

Finally, the chemical shift of [(EtO2)C=NPC1,]+C1- (6, = -20.4 ppm) 
PPm) (16, 307). 

is reported (475). 

3. Other Physical Investigations 
X-Ray powder patterns of compounds (111), (IV),  (VII), and (VII I )  

are reported in the literature (29)  and discussed in detail, especially in 
view of the earlier published data for (111) and (VII I )  (183) .  Powder 
diagrams of [Br,P-N-PBr,]+Br- and [Br,P-N-PBr,]+Br,- are also 
available (206).  

Electric conductance studies of (111) (28) ,  ( IV) (34) ,  ( V I I I )  (23,  29) ,  
and (IX) (26) ,  as well as (X) and (XI) (302) show these substances to 
be 1 : 1 electrolytes in the specified solvents. 
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Chlorine-35 NQR work on (III)* and (VIII)  was recently published 
(215),  but no positive results could be obtained. 

V. N-Phosphorylated Phosphazotrihalides 

A. SYNTHESES 
The synthesis of the simplest N-phosphorylated phosphazotri- 

chloride, Cl,PNPCl,, was attempted (158) by reaction of [Cl,P-N- 
PCls]+PCl,- (111) with red phosphorus, but the compound could not be 
isolated. Recently, a derivative (CSF,),PN=PC1, has been described 
( 3 6 6 ~ ) .  Trifluorophosphazodifluorophosphine is also known ( 1 8 0 ~ ) .  

The corresponding oxygen-containing substance (V),  C12( O)PNPCI,, 
is formed (cf. Scheme 2) in the reaction of PC15 and hydroxylamine 
hydrochloride (24, 214) or with phosphoric acid amides (33, 214) or 
ammonium diamidophosphate (33)  or other ammonium salts ( 1 4 6 ~ ) .  
The same compound is synthesized from SO2 and (111) (15, 20, 28, 315, 
543) or (IV) (29) ,  by acidolysis (HCOOH) of (111) (192), or from PC1, 
and NzO4 (15, 18). The last synthesis had already been carried out 
earlier [(286),  see also (141, but the compound was characterized 
erroneously. Interaction of hexamethyldisilazane and POC1, results 
first in a white material having the approximate composition (HNOPCI), 
[(173),  see also (42)], which with PC15 at 120" gives compound (V) (173).  
The compound Cl2P(O)NPC1, is also (548) formed by reaction (31). 

(Me0)aPONHS + 3PCl5 -+ 2HC1+ 2MeCl+ 2POCls + (V) (31) 

The same compound is formed from PC1, and NH4Cl in POC1,-solvent 
using P,O,,, as oxidizing agent [with (111) as intermediate] (413).  

Compounds similar to (V) are obtained in the following ways [(524),  
see also (36641. 

E .a 

E I z 

3PhPClr + HaNP(O)(OEt)p Etcl A >p PhPClsNP(0)Clo - 
6Pcls + Ph(EtO)nP=NP(O)(OEt)r 

EtrPCls + HaNP(O)(OEt)a __* EtrPCl=NPOCla - 
PCl.5 + Eta(EtO)P=NP(O)(OEt)r 

A 

/ 

* However, a recent "Cl NQR paper (191a) of the same authors reports 
affirmative results on compound (111). 
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PhePCls + HaNP(O)(OEt)z - PhsPCLNPOClS 
(32) 

A 
MePC14 + HaNP(O)(OEt)a - MePCla=NPOCla ---+ polymerization 

Compounds Ph,P=NP(O)X, (X = C1, Br) result by hydrolysis of 
[Ph,P=NPX,]+Br- ( 5 ) .  

The series P,Cl,-,P(O)NPCI, (n  = 0, 1, 2) are obtained from 
F,CI,_,P( O)NH2 and PCl, (387) [for n = 2 ,  cf. also ( l76,290]  ; F,P(O)N= 
PCl, is formed also from the Si-N cleavage of Me,SiNHPOF, with PCI, 
(173).  

MeaSiNHPOF2 + PC15 + FZP(O)N=PCla + HCI + MesSiCl (33) 

Hexamethyldisilazane and POFCl, react in two ways (347) : 

(MesSi)sNH + POFCla - MeaSiCl+ [MesSiNHPOFCl] 

MeaSiCl+ polymeric material FClP(O)N=PCla + HCl + MesSiCl 

The compound Cl,P(S)N=PCI, (VI), representing the thio analog of 
(V), is formed from (111) and H,S or sulfur (requiring S2C12 addition) 
(13, 29),  as well as from S4N4 and PCl, in poor yield (29). The syntheses 
of (V) and (VI) are summarized in Scheme 2 .  

The analogous compounds (PhO),P(X)N=PCI, ( X  = 0, S) are formed 
by the Kirsanov reaction of (PhO) ,P( X)NH2 (283) ; Ph2P( O)N=PCI,, 
which should be formed from Ph2P(0)NH2 and PCl,, could not be 
isolated. Only [Ph,P(CI)NH,]+Cl- (25)  is formed in the first step (cf. 
Sections IV,D, 1 and 2 ) ;  the corresponding tautomer Ph,PClNPOCl, is 
described (Section IV, D, 2 )  .* 

Derkach and co-workers described compounds* such as RR’P(O)N= 
PC13( 1 )  (R = Me, R’ = C1, OPh, p-CIC,H,O, p-MeC,H,O; R = CH,Cl, 
R’ = C1, OPh, p-O2NC6H4O, p-MeC,H,O) (473) .  Recently EtP(S)FN= 
PCl, was isolated (385), but the analogous reaction of PhP(S)FNH2 did 
not give concrete results. 

The compound C13P=NPC1,=NPOC12 is obtained from (VII) or (VIII) 
with SO, (23, 28, 29) ,  the thio analog by treating (VIII) with H2S (23, 
29).  Similarly, ( X )  with SO, yields 

, N=PCls 

N=PCls 
ClP=NPOCls 
\ 

* Et2P(O)N=PC13 cannot be isolated from EtZP(0)NClz and PC13 nor from 
EtzP(0)NHZ and PC15, but its tautomer Et~PCl=NPOCl~ can ( 5 2 3 ~ ) ;  the same 
applies to MeP(O)ClN=PCl3 which should rather be considered ES MePClZ=NPOClz 
(473a) .  
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(155), and with H2S 
,N=PCls 

‘ N=PCla 
ClP=NPSCla 

The compound F,P(O)N=PF, results from F,P(O)NH, and PF,Cl, 
(324),  analogous compounds FX(S)PN=PF, (X = C1, F) from the corre- 
sponding amine and PF,Cl, (324, 383). 

Compounds OPX,NH, and SPX2NH2 (X  = F, C1) with MePC1, or 
CCl,PCl, give the corresponding phosphazo compounds (3784 ; 
SP(X,Y)NH2 (X  = C1, F) and PhPF, react similarly to SP(X,Y)N=PF,Ph 
(379a).  

The series F’,Cl,-,P(S)N=PF,-,Cl, (n = 0, 1, 2; m = 0, 1)  has been 
described recently (382) ; F,P(S)N=PCIS and FC1P(S)N=PC13 are also 
formed from Me3SiNHPSF2 or Me,SiNHPSFCl and PC1, (174), as well 
as from CI,F,-,P(S)NH, (n = 0, 1, 2) and PCl, (378).  A higher N-phos- 
phorylated phosphazotrichloride Cl,(0)PN=P(N=PCls)~ results from 
[P(N=PCl,),]+Cl- and sulfur dioxide (403).  

Longer chains are also obtained (381d) according to Eq. (35). 

FXP(S)NPFzNHSiMe3 + PC15 -+ FXP(S)NPFzNPC13 + HCl + MesSiCl (35) 
X = F, C1 

Compounds SPX,NPF,Br (X  = C1, F) have also been prepared 
( 3 8 2 ~ ) .  

The reaction of the monoamide of (PNCI,),, namely, P3N,C1,NH,, 
with PCl, (149) proceeds in a normal Kirsanov reaction to give (XII). 

AN\ ,N=PCla 

PaNsCh,NHg + Pcl6 - T/ f\a + 2HC1 (36) 
N+/ 

Cln 

(XII) 

The compound 

Cln 

(218), also obtained by other ways [(150), Section V,B] on phosphoryla- 
tion with PCI, probably gives the trichlorophosphazo compound (309).  

The geminal diamide of hexachlorophosphazatriene, PSNSC1,(NH2)2, 
and PCl, give (XIII) (149, 308, 309). For the similar reaction with 
PhsPBr,, PhsPC12, and Ph2PCI, cf. (217,218). 
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C.l* 

(XIII) 

The reactions of a nongeminal diamide of (PNCl,)3 [the existence of 
which is questioned by other authors (309)]  with PCl, and Ph3PCl, were 
recently described (204).  

/N\ /NH: /N\ /N=PRa 
A I C1 +2RaPClr __* K\Cl - polymers 

Clap/ f\ 

N\ \P’ N N+p/N 
/ \  ci’ \NH2 C1 N=PRa . PhOH 

/ \  
PhO N=PRa 

1-\ 
PhO NHa 

IA 
R - C1, Ph, OPh polymers 

Interaction of P3N3F5NH2 and PCl, (386) gives P3N3F5N=PC13, with 
PF3Cl2 P3N3F5N=PF3 (385, 385d), and with PhPF, the compound 
P3N3F5N=PPhF2 (379a) is obtained. P4N4F7N=PX3 (X = C1, F) are 
obtained similarly from P,N,F,NH, and PCl, or PF,Cl,, respectively 
(385d). Analogous compounds P3N3F5N=PPh,C13-, (n = 0, 1 ,  2) result 
from P3N3F,NH, and Ph,PCl,-, ( 3 4 7 ~ ) .  

The reactions of some geminal and nongeminal amido derivatives of 
(PNC1.J4 has been investigated ( 3 0 9 ~ ) .  

P3N3F5NPX2N=PC13 and P3N3F,NPX2NPCl2N=PCl3 ( X  = F, C1) as 
well as P,N,F,N=PC13 and P,N6F,,N=PCl, were recently prepared 
(385a). 

Finally, dicyandiamide and excess PCl, give 

(266, 110, 207) (cf. also Section VIII,B, 1). 
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B. REACTIONS 
Heating (V) to -200" results in decomposition to POCl, and (PNCl,) 

units (164, 524) [see also the thermal degradation of RPCl,N=POCl, 
(R = Me, Ph) and Et2PC1=NPOCl2 to long-chain phosphazene units 
(524)] .  Acidolysis yields amidophosphoric acid; at  lower pH values 
(NH4),P04 and H3P04 (33)  results. The hydrolysis with DMSO does not 
give the expected Cl,P(O)NHPOCl,, but white solids ( P : N  = 2: 1 )  with 
no definite structure (192) .  Interaction with chlorosulfonic acid leads to 
POCl,, S02C1,, and uncharacterized products (192).  However, careful 
hydrolysis of (V) with HCOOH gives C1,OP-NH-POCl, (374a).  

The reaction of Cl,(O)PNPCl, (V) with aniline (33)  or dimethylamine 
(13 ,18 )  results in replacement of the chlorine atoms; the product of the 
latter reaction has also been obtained by a phosphine-azide reaction 
(509) .  The reaction of (V) with BuONa and various alcohols is described 
( 2 2 0 ~ ) .  Compound (V) and p-O2NC6H,ONa give (p-02NC6H40),PNP- 
(0)(OC6H4N02-p), (315).  Analogous compounds such as (RO),P(O)N= 
P(OR'), (R = Me, Et, i-Pr; R' = Me, Et,  i-Pr, Ph, p-MeC6H4) (476),  as 
well as (Me0)2PON=P(NC2H4)3 (234) ,  have been prepared in other ways 
[cf. also (10, 209, Z l l ) ] .  With TiC1, (V) gives the compound TiC1,. 
2P2NOC1, (35, 203) [erroneously reported in ( I 6 4 ) l ;  the coordination is 
by the oxygen atoms. Other crystalline adducts of this type are 
2P2NC150 -SnCl,, P2NC150 SbCl,, and the liquid 1 : 1 adduct P2NC150 
AlCl, (203).  Finally (V) with 2 moles of PC1, gives [C1,P===N=PCl3]+PC1,- 
(315) .  

The compound F,( O)PN=PCl, decomposes analogously to (V) a t  200" 
with elimination of POF,Cl and POCl, to give a mixture of (PNCI,), 
and (PNF,),, (290) .  No reaction occurs with difluorophosphoric acid a t  
room temperature. POF,NHPOCl, and POFBCl result a t  65" and poly- 
merization takes place a t  130" (176) ; POF2NHPOC12 is also formed by 
reaction of F,(O)PN=PCl, with formic acid. The reaction with FS03H 
is complex and is thought to proceed (176) as outlined in Eq. (39). 

2POFzN=PC13 + 2FSO3H + 2(POFzNHSOF)z + 2Poc13 
(not isolable) 

J. 
FSOzNHSOzF + POFzNHPOFa 

(polymerizes) (39) 

Compound (VI) and NaOPh give the corresponding pentaphenoxy 
compound (29) ,  also obtained in other ways (283).  

Aminolysis of (PhO),PON=PCl, with aniline gives (PhO),PON= 
P(NHPh), (283); (PhO),PXN=PCl, (X = 0, S) react with NaOAr 
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(Ar = Ph, p-C1CsH4, p-OeNCsH4) giving the appropriate esters (283, 
534),  which can also be obtained from (PhO),P and (PhO),PONH, or 
(Ph0),PSNH2. Attempts to prepare Ph,PSN=PPh, by an azide- 
phosphine reaction failed (9 ) ,  only polymerization products being 
obtained. 

Hydrolysis (HCOOH) of (PhO),P(X)N=PCl, (X = 0, S) gives rise to 
( PhO),P( X)NHPOCl, (283) .  Other (RO),PON=P( OR’), compounds 
(R = €3’ = Et, Bu) are formed from (RO),PONSO and P(OR’), (518);  
RP(O)(OAr)N=PCI, (R = Me, ClCH,, Ar = p-MeCsH4, p-ClC,H,; R = 

ClCH,, Ar = Ph) and ethylenimine give the triamides (369) .  
Compounds X2P(S)N=PF3 ( X  = C1, F) and Me,SiNMe, form 

X,P(S)NPF,NMe, (382a) ; with HCOOH or NH,, SX,PNHPOF, and 
SPX,NPF,NH, are obtained (3823). The compounds SPX,N=PF,Cl 
( X  = F, C1) and methanol react to  the S-methyl derivatives MeSPX,= 
NP(O)F, (382c). The reaction of the compounds SPF,C12-rLN =PF,C13-7n 
( n  = 0, 1, 2 ;  m = 0, 1) with hcxamethyldisilazane and subsequent chain 
elongation is described ( 3 8 3 ~ ) .  

Alcoholysis of CY,P=NPCl,=NPOCl, gives the corresponding esters 
(509b). 

The interaction of 2,2,6,6-tetrakis( trichlorophosphazo)-4,4,8,8-tetra- 
chloropliosphazatetraene with VOCl, is reported ( 4 8 3 4 .  

Partial hydrolysis of (XIII)  with formic acid (309) leads to (XIV). 

N H P 0 C 12 
CllP/N+P= 

N,pPN 
(XIII) + SHCOOH - 1 1  I NHPOClz + 2CO + 2HC1 (40) 

C1m 

( X W  

A ring-closure reaction of (XIII)  with heptamethyldisilazane yields a 
spiro compound (308) .  

Arylation of (XII) and (XIII)  has been described (150).  Geminal 
N,P,Cl,Ph(N=PPh,) could also be obtained in other ways (48 ,140 ,227) .  

A ,  EtrO 
(XII) + 3PhMgBr - NsPsCls(N=PPhs) + 3MgClBr 

(XII) + 4PhMgBr gem-NsP&lrPh(N=PPha) + 4MgClBr (41) 

(XIII) + 6ArMgBr - NaPaCld(N=PAra)a + BMgClBr 

Ar = Ph, p-MeCaH4 

A EtrO 

A ,  EtrO 

Getninal N,P3C14(NH,)(N=PPh3) results from geminal N3P3C14(NH2), 
and Ph,PBr, (150) .  
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Another compound belonging to this group results from (PNCI,), and 
diphenylmagnesium (49). This is 

61, 

A chain elongation results by the reaction of heptamethyldisilazane on 
P3N3F,N=PX3 (X = C1, F) (385~);  with Me3SiNMe2 or Me3SiNCS step- 
wise replacement of the halogens occurs (383c). 

Analogous compounds 
0 

X = C1, Br, I; R = Ph, p-ClCeH4, o-BrCaH4, p-MeCeH4, 
p-BuCeH4, p-BuOCeH4, 2,4-F&eHs, substituted naphthalenes 

(340) are also described. Finally, the -N=PC13 group of 2-(trichloro- 
phosphazo)-2,4,6-trichloro-2-phospha- 1,3,5-triazine is converted by SO2 
or HCOOH into the -NHPOCl, group (26b) .  

c .  SPECTROSCOPIC INVESTIGATIONS 

The IR spectrum of (V)  is reported (18,35); Glemser and co-workers 
assigned the v ~ , ~  a t  1320 (173) or 1332 cm-l(387) and v ~ - ~  at  776 cm-l. 
The P=N vibration in F2(0)PN=PC13 is found a t  1350 (290), 1355 (173) 
or 1360 cm-l (387) and vp-N at  768 cm-' (173, 387). For FCl(O)PN=PCl, 
v ~ = ~  is a t  1347-1350 cm-l and v,-~ a t  780 cm-l(173,387). The infrared 
spectrum of FCl(S)PN=PCl, is given in the literature (378); the v ~ = ~  in 
the series F,,Cl,-,,(S)PN=PCl, decreases from 1340 cm-l (n  = 2) to 1328 
(n=  1) and 1305 cm-' (n=  0) (378). Recently, the compounds 
F,C12-,(S)PN=PF3-,Cl, (n = 0, 1, 2 ;  m = 0, 1) were investigated (382), 
showing absorption for v ~ , ~  between 1365 and 1430 cm-l. 

The I R  spectra of FX(S)PN=PF,, reported for X = F (324), show 
the P=N vibration a t  1415 ( X  = C1) and 1430 cm-l ( X  = F) (383). 

The compounds (XII) and (XIII)  also show (149) the P=N vibration 
in the usual range ( 1190-1 335 cm-l), 

More attention was given to the nuclear magnetic resonance investi- 
gations of the compounds listed in Section V, A. The compound F2PBN= 
P,F, shows S,, a t  -129 ppm and a,, at 43.6 ppm, thus proving the 
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structure ( 1 8 0 ~ ) .  The compound Cl2PI3(O)N=PACl3 (V)  (AB type) shows 
coupling of the phosphorus nuclei (SPA = 0.1 0.5 ppm; a,, = 14.2 f 0.5 
ppm; JPAPB = 15.4 f 0.3 Hz) (154) (see also (153,371)) .  Other authors ( 2 )  
reported a,, = 1.1 ppm, 6,, = 12.7 ppm, and JpApB = 19.5 Hz. 

The analogous compound Fx2( O)PBN=PAC13 represents a simple 
ABX, spectrum [SPA=-8 ppm, 6,,=26 ppm, ag,= 70 ppm (176);  
6,, = -6.5 ppm, Spa = 25 ppm, and 6,, = 70.3 ppm, JF-pB = 973.5 Hz, 
JpApB = 70 Hz, and JF-,* 21.5 Hz (173)] ;  FCl(0)PN=PC13 is of an ABX 
type (173).  

Compound (VI), like (V), is of an AB type, but no coupling of the 
two phosphorus nuclei could be observed ( 2 ,  157). (PhO),P(O)N=PCl, 
gives only one peak in the 31P NMR spectrum [with a half-band width 
of 3 Hz (349)] ,  the chemical shift is 8, = 11.2 pprn (349a). 

Phosphorus-31 NMR results of (R'O),P=N-P( O)R, were recently 
reported (421). 

Fluorine-19 spectra of the series F,Cl,-,(S)PN=PF3-,C1, (n  = 0, 1,2 ; 
m = 0, 1) have been recorded [(382), see also (383)l;  the two compounds 
F,(S)PBN=PAC13 (SPA = -4.4 ppm, 6p, = -40.7 ppm, 6, = $33.7 ppm, 
JPAPa = 70 Hz, JpAF = &22 Hz, JPBF = &lo85 Hz) and FC1(S)PBN=P,C13 
(SPA = -0.8 ppm, 6p, = -42.3 ppm, 6, = 33.5 ppm, JJPAPal = 40 Hz, 
JPAF = f21.5 Hz, JpBF = $1115 Hz) have been examined in detail (378). 

Fluorine and phosphorus spectra of C12(S)PN=PF2C1 and F,Cl,-n(S)- 
PN=PF, (n  = 0, 1, 2) are reported (163);  only data from the 19F NMR 
spectrum are given for EtP(8)FN-PCl, (385) .  The compound C13PB= 
NPAC1,=NPxOCl, gives a spectrum of the ABX type (155) with 
6 , , = 2 0 . 0 f 0 . 5 p p m , 6 , , = 1 3 . 4 ~ 0 . 5 p p m , a n d 6 , , = - 7 . 1 ~ 0 . 5  ppm, 
spin-spin coupling occurs (JpxpA = 29.5 f 1 Hz, JPAPB = 26.7 f 1 Hz) 
analogously to ( V ) .  C13P=NPC12=NPSC12 ( ABX-type) has also linear 
structure according to NMR results (157), and a more detailed investiga- 
tion of this compound has been carried out (2). NMR work ("F, 31P) 
on higher linear diphosphazenes is available ( 3 8 3 ~ ) .  

The compound 

,N=PxCla 

N=PxCls 
Cl--P*=NPyOCls 

\ 

gives a spectrum of the type AX,Y with 8,, = 1.9 f 0.5 ppm, 6,, = 

13.6 f 0.5 ppm, and SPA = 29.6 f 0.5 ppm (155);  the corresponding thio 
compound has the same structure, but no spin-spin coupling between 
P,-P, could be observed (157). Some discussion (159, 160) of the 31P 
NMR spectra of the above-mentioned compounds has been given. An 
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PIN&l,Ph(N=PPhs) PsNsCls(N=PPha) PsN&lrN=PClr PaNsClsNHn (PNClz)3 PsNsCh(NHi)n* 

SCHEME 4. Graphical plot of the chemical shifts of the phosphorus nuclei in 
compounds of the structure 

CllP+P 
I II‘Y 
I I I  

N+ ,N P 
CIS 

X = N=PPhs, N=PCls, NHs, C1, NHPOCla 
Y = Ph, C1, NHp, N=PCla, NHPOClo, N=PPhs 

* Ref. ( 4 9 )  gives for A = -8.6 & 0.2 pprn and for C = -17.5 + 0.2 ppm. 
t Ref. (150)  lists the following values: -17.0 ppm (C), -12.1 pprn (B’) and 

The phosphorus nuclei mentioned in the text and in this scheme are denoted 

1.8-4.1 ppm ( A ) .  

as outlined on the following example: 

Compilation with values of the refs. (49 ,  149, 150, 309) .  

ABCs spectrum (403) is observed for C12(0)PN=P(N=PC13)3; P3N3Cl,- 
(N=PCl,) (XII) has an ABC2 spectrum (in fact, an approximate ABX2 
spectrum) (149) ; PsN3Cl,(N=PC1,)2 (XIV), an AB2C2 (approximate 
AB2X2) spectrum (149, 309). A more detailed interpretation of the 31P 
NMR spectra of these two compounds is given in detail [ ( l a g ) ,  see also 
(14o)i .  
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A-20.3 A-20.4 

8-13.5 A-19.1 
I?-11.8 A--11.8 

A--1.2 
B- -0.7 

B’- -5.5 

8’- -10.8 

C--l5.6 C--13.4 

C--18.5 C- - 17.5 
B--19.0 

C--21.4 

PaN&lrNHs(N=PPhs)t PaNaCl,(N=PCla)(N=PPha) PaNaClr(N=PCla)a P I N ~ C I ~ ( N H P O C ~ ~ ) ~  PaNaCh(N=PPha)a 

For P3N3FBN=PF3 only leF NMR data have been reported so far 
(385).  

Scheme 4 gives the variation of the chemical shifts of the phosphorus 
nuclei of these cyclic phosphazatriene derivatives. 

Only a few other physical data of compounds listed in Section V,A 
have been reported: P2NOC15 (V) is diamagnetic, with a molecular 
susceptibility of -115.7 x 10 - e  (18) .  The 35Cl NQR spectrum of (V) 
shows two nonequivalent groups of chlorines (215) ,  whereas no results 
were obtained on the thio analog. The molecular refractivity of (V) is 

Mass spectra of F2(0)PN=PF3 (324) and F2(S)PN=PF3 (324, 382),  
as well as of FCl( S)PN=PF3, C12(S)PN=PF3, F,(S)PN=PF,Cl, FCl(S)PN= 
PF2C1, C12(S)PN=PF2C1 (382),  and P3N3F5N=PF3 (385),  are reported. 

ME = 46.02 (214) .  

VI. Sulfonylphosphazotrihalides 

A. SYNTHESES 

Fittig (151),  in 1858, and later Gerhardt (170) investigated the 
reaction of arylsulfonamides with PClj and formulated the products 
erroneously as imidochlorides -SO( =NH)Cl. Wichelhaus (517) gave the 
formulation ArS0,NHPC12 and so did later workers in the field (514).  

The simplest species of a sulfonylphosphazotrichloride is C1SO2N= 
PC1, (XV);  erroneously reported earlier (148),  it can be obtained by 
phosphorylation of amidosulfuric acid (22, 221, 225u, 229, 508). 
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HOSOzNHz + 2PCk + ClSO2N=PCls + 3HC1+ POClS (42) 

The fluoro analog FS02N=PC13 is obtained from H2NS02F and PCl, 
(289) and in ways listed in Section V1,B; C1SO2N=PF3 (384) and 
FS02N=PFs (324) result from ClS02NH2 or FS02NH2 with PCl,, respec- 
tively. Similarly, fluorosulfonylamide and PhPF, yield FS02N=PF2Ph 

Other sulfonylphosphazotrichlorides, RS02N=PC13, obtained anal- 
ogously to Eq. (42) are known having the following R : ClCH, (317) ; Me, 
Et  (248);  CF3 (385c); Pr (317);  i-Pr, Bu (248);  C4F, (378c); i-Bu, Am, 
i-Am, n-C,H,, (317);  cyclohexyl, PhCH2 (248);  PhCH2CH2 (317);  Ph 
(221, 2253, 230, 354);  o-MeC6H4 (221, 225b, 230);  p-MeC6H4 (221, 2253, 

(XV) 

(379a). 

230, 354); O-, m-, p-02NCaH4 (252);  p-FCgH4, m-CF,C6H4 (522);  
O-ClC6H4 (2253, 316);  p,-ClC,H, (312, 354) ; p-BrC6H4 (2253, 316); 
p-MeOC6H4 (225b, 316,354);  Me2N, Et2N (272 ,506);  Pr2N, Bu2N (337, 
n 

506) ; 0-N ( 3 1 0 ~ ,  337,506);  (CH,),N ( 3 1 0 ~ )  ; P-ClOC6H4 (72 ,372 ,375);  

p-Me2NC6H4N=NC6H4 (255);  l-CloH7, 2-C10H7 (275);  p-(Ph0)o2SC6H4 
(320);  PhNH (510);  and other substituents (71) .  

Analogously ArS02N=PPhC12 compounds (444) are obtained with 
Ar = Ph, p-ClCeH4, o-,  m-, p-o2NC6H4, o-, p-MeCaH4, l-C1&7,2-C,oH7; 
interaction with Ph2PCl, yields RS02N=PPh2C1 (R = C1 (192a), Ph, 
p-ClC6H4, o- ,  m-, p-o2NC6H4, o-MeC6H4, l-CloH7, 2-C10H7 (456),  
p-MeC6H4 (56, 456)) ; with p-MeC,H,PPhCl, the compounds ArS02N= 
PPh(C6H4Me-p)Cl (Ar = Ph, o- ,  p-MeC6H4, m-02NC6H4, 2-ClOH7) are 
obtained [(ass), see also (446)l. Ph3PC12 gives ArSO2N=PPhS (Ar = Ph, 
o-,  p-MeC6H4, o-o2NC6H4, l-ClOH7) (457),  (PhO)SPC12 yields ArS02N= 
P( OPh) (487) ; CF,S02N=PPhC12 has been described (3853). 

Another way to sulfonylphosphazotrichlorides (and bromides) is a 
variation of the chloramine-T method; the use of carefully dried reagents 
and solvents is essential, otherwise the reaction may be explosive. 

(43) ArSOaNNeCl+ PXs + ArSOaN=PXs + NeCl 
X = C1; Ar = Ph, o-, p-MeCeH4, 1-C10H7 (222, 226), 2-CioH7 (226) 
X = Br; Ar = Ph, o-, p-MeC&, 1-CloH7 (222, 284), 2-CioH7 (284) 

The compound PSO2N=PBr3 has recently been prepared (379) ac- 
cording to Eq. (44), as well as some homologs RS02N=PBr3 [R = Me, 

(44) 

Variation of the method used in Eq. (43) is described. Thus, ROPC12 
(R = Ph, Me, Et) instead of PX3 gives PhS02N=P(OR)C12 (279);  with 

CFs, p-ClCeH4 (387a)l. 

FSOaNSO + PBrij -+ FSOaN=PBrs + SOBrs 
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(RO)(R’O)PCl (R = Ph;  R‘ = Ph, o-, m-, p-MeC,H,) and PhS0,N-NaCl 
the products PhSO,N=P(OR)( 0R’)Cl are obtained (279) .  Phosphorous 
esters P(OR)(OR’)(OR’’) give ArSO,N=P(OR)(OR’)(OR”) (R = Ph;  
R‘ = Ph, o-, m-, p-MeC,H,; R, R’, R”  = Ph, o-, rn-, p-MeC,H,; Ar = Ph 
or 2-ClOH7) (67 ,278) .  ArS0,N.NaCl and PhPCl, give ArSO2N=PPhC1, 
(Ar = Ph, o-, p-MeC6H4,p-C1CsHa, o-, m-, p-O2NCeH4, l-CloH,, 2-C10H7) 
(444) ; with PR,, sulfonylphosphinimines ArSO,N=PR, result (329, 
487). 

The sodium salts of N-chloroarylsulfonamides or the N,N-dichloro- 
arylsulfonamides (dichloroamines)* and PCI, react with elimination of 
elemental chlorine and give nearly quantitative yields of arylsulfonyl- 
phosphazotrichlorides (313).  

ArSOzN.NaCl+ PCl5 + ArSOzN=PCl.q + NeCl + Cla (45) 
ArSOzNClz + PC15 --f ArSOaN=PCl3 + 2C12 
Ar = Ph, p-MeCeH4, p-ClCsH4, m-OzNCaH4 

Compounds ArSO2N=PAr,’C1 can be obtained from Ar$O2NCl, and 
Ar2‘PC1 (446);  compounds like ArSO,N=P(Et)(Ph)CH,Ph (Ar = Ph, o-, 
p-MeC,H4, l-CI0H7) from ArS02N.NaC1 and PhCH,PPhEt (459).  
Further variation of this method is described (202, 412, 447, 478). 

The action of PCl, on arylsulfonyldichlorophosphoramidates, 
ArSO2NHPOC1,, also yields sulfonylphosphazotrichlorides (320) .  

(46) ArSOzNHPOClz + PCl5 + HCl + ArS02N=PCl3 + POC13 
Ar = 0- ,  m-, p-OzNCsH4, p-PhOSOzCeHd 

Analogous derivatives may be synthesized (320) .  

ArSOzNHPO(OPh)2 + PClb --f P0Cl3 + ArS02N=P(OPh)zCl+ HCl (47) 

The reaction outlined in Eq. (46) is strongly dependent on the nature 
of Ar. Only if electronegative groups are present in Ar does this reaction 
occur; thus, no reaction occurs with Ar = Ph, MeC6H4, or ClCBH4 (320) ,  
but the tautomers of the formula ArSO(=NPOCl,)Cl are obtained (310a, 
314). 

ArSOeNHPOClz + Pc15 -+ ArSO(=NPOClz)Cl+ + HC1 (48) 
Ar = Ph, o-, p-MeCeHd,o-, p-CICaH4, p-BrCaHd, p-FCeH4, p-MeOCeH4, m-CFsCeH4 

The same results are obtained with aliphatic substituents (317).  

ent way (315) .  
The compound PhCH2SOzNHPOClz and PCl, ( 1  : 2) react in a differ- 

PhCHzSOzNHPOClz + 2PCla + PhCHzCl + 2POC13 + HCl + ClzS=NPOCla (49) 

* ArSOzNClz (Ar = Ph, p-M&aH4, p-ClCaH4, p-BrCaH4, p-OzNCaH4) and 
elemental selenium give ArSOzN=SeClz (60) .  
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PhS02N=SC12 and PCl, give PhS02N=PC1, in quantitative yield 
(315).  

1000 
SPCl: + PhSOaN=SClr - PSCls + PCls + PhSOaN=PClo (60) 

Iminobis(sulfonary1s) and PC1, react in two ways, the product 
depending on the electronegativity of Ar (311) .  

ArSOaCl+ HCl + ArSOaN=PCls 

- 
pOCla + HC1+ ArSO(=NSOnAr)CI 

Ar = Ph, p-MeCeH4, p-ClCt~H4, p-MeOCeH4, p-OnNCeH4 

The compound p-MeC,H,S02N=PC1, results also from the decom- 
position of a 1,3,2-diazaphosphetidinone (see also Sections VII I ,  B, 1 
and IX),  formed by interaction of 1-p-toluenesulfonyl-3-butylurea and 
PC1, (498). 

~.M~COH~SO~NHCONHBU + PCl6 - + 2HC1 

(52) 

p-MeCeH&30~N=PCla + BUNCO 

In  contrast to hexachlorodialkyldiazadiphosphetidines, p-MeC,H,- 
S02N=PC13 gives no further reaction with isocyanates (see also Section 
VIII,A,2). 

Only few compounds with two -S02N=PC13 groups in the molecule 
are known. Sulfamide reacts with 2 moles of PCIB forming bis(trich1oro- 
phosphazo)sulfone C13P=NS02N=PC13 (232, 507). Extension of this 
reaction to disubstituted benzenes has been described (256).  

A(SO2NHa)a + 2PC15 -+ A(SOaN=PClS)z + 4HC1 (53) 

Correspondingly, (PhC12P=N) 2S0 has been prepared from sulfamide 

The compounds (C13P=NS02)2NMe and (Cl,P=NSO,NMe),SO, have 

A = m-, p-CsHr (256) 

and PhPCl, (50a).  

also been prepared (343).  
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Compounds with one -SO2N=PCl3 and one -N=PCl, group such as 
compound (XVI) result from p-sulfonamidoaniline and PCl, (354, 458, 
488). Similarly, C13P=N(CH,)2S02N=PC13 (542) is known. These com- 
pounds can also be considered as aryl- or alkylphosphazotrichlorides 
(Sections VIII ,  A and B). 

H ~ N ~ O ~ I V &  + 2PCls - ClsP=N e s N = P C l a  + 4HC1 

(54) 

The dimeric ortho and meta isomers of (XVI) are also described (549) .  
The compound p-Cl3P:NSO2C6H4CON=PCl3 (367) represents a 

type with one -S02N=PC1, group and one carbonylphosphazo group (cf. 
also Section VII, A ) .  

Finally, 4,Fi-bis( trichlorophospliazosu1fone)- 1 ,S-naphthalene has 
been claimed without any preparative details being given (71 ) .  

(XVI) 

B. REACTIONS 

Thermolysis (1 18”-l60”/%.5-5 Torr) of C”lSO,N=PCl, (XV) gives 
mainly POCl, and a mixture of a- and p-sulfanuric chlorides (228, 508),  
as well as minor amounts of NPC’12(NSOC1)2 (70a, Z80a). Hydrolysis 
with water leads to phosphoric and amidosulfonic acids; with formic 
acid an undefined substance is obtained (192) .  Ammonia or NH,Cl gives 
(H,N),P=NS02NH2 (293),  and ainines yield (RNH),P=NSO,NHR ; 
whereas with diamiiies such as diethylenediamine cross-linked polymers 
are formed ; silylation with hoptamethyldisilazane affords Me,SiN(Me)- 
PCI,=NSO,CI (506).  Compound (XV)  and chlorosulfonic acid yield 
HN(SO,Cl),, also obtained from chlorosulfonic acid and urea (6 ,  22).  
Trifluoracetic acid and ClSO,N=PCl, react in a rather complex manner 
(377) : 

4ClS02N=PCls + 2CFsCOO.H + 

0 
\\ R0 

N/s, N 
II II + 4POCls + SOeCla + HN(SOzC1)n (55) 

FaC-C, ,CCFa 
N 
H 

Reaction of (XV) with SO, eliminates POCl, and minor quant,ities of 
OSNS0,Cl (388).  Fission of the P=N bond occurs on the reaction of 
ClSO,N=PCl, with anhydrous hydrogen fluoride in presence of BF, (200) ,  
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whereas fluorination of (XV) with ASP, gives FS02N=PC13 (388), also 
obtained in other ways (289). The halogen atoms may be successively 

BF8 
ClSOnN=PCl~ + sHF __f H I N S O ~ F  + P(C1,F) 6 + nHCl (56) 

(n - 1-4) 

replaced in the reaction of C1S02N=PX3 or FSO2N=PX3 (X  = C1, F) 
with Me3SiNMe, or Me3SiNCS, respectively (383c). 

Fluorosulfonylphosphazotrichloride, FSO2N=PC1,, which on hydro- 
lysis gives FS02NH2 (388), reacts with fluorosulfonic acid (388) and 
difluorophosphoric acid (176) to form (FSO,),NH and POCl,; with 
CF,COOH ( 3 8 1 ~ )  and C,F,COOH (3816) compounds FSO,NHCOR, are 
obtained, whereas with CF3S03H the compound FS02NHPOC12 is 
formed ( 3 8 1 ~ ) .  In  the reaction between C1S02N=PF3 and PF3C12 
phosphorus(V) fluoride is eliminated and C1SO2N=PF2C1 formed (384) ; 
FSO,N=PF, reacts similarly with PF3Cl, to form FSO2N=PF,C1 (385). 
Formic acid hydrolyzes CF,SO2N=PC1, to CF3SO2NHPOC1,, whereas 
XS03H (X = F, C1) yields CF3SO2NHSO2X ( 3 8 1 ~ ) .  

The reaction of ArSO2N=PC1, [Ar = Ph (222, 225c, 236);  0-, p -  
MeCaH4, l-C,,H, (222, 236) ; p-MeCeH4, p-MeOCaH4, p-ClC& (354);  
0-, m-, p-O2NC6H4 (252);  PhNH (510)l with HCOOH gives all possible 
intermediates, i.e., ArSO,NHPOCl,, ArSO,NHP(O)(OH)Cl, ArS0,- 
NHP(O)(OH),, and ArS02NH2 (222,236). Hydrolysis with water [early 
work (170, 517)], benzoic acid, or other carboxylic acids leads only to 
the isolation of the first step (222, 236). Complex mixtures are obtained 
with acetone, ether, or esters (222). No definite product could be isolated 
from PhSO2N=PC1, and ClS0,H; with DMSO, PhS02NHPOC12 is 
formed (192). In contrast, this latter reaction (ArS02N=PC13 + DMSO) 
has been described as giving sulfylimines in 44% yield (353). 

Alkylsulfonylphosphazotrichlorides, RS02N=PC13 (R = Me, Et, i-Pr, 
Bu, PhCH,, n-C6HI3), and HCOOH yield the dichlorides (249). 
R2NS02N=PC13 (R = Me, Et)  and formic acid give all three hydrolysis 
steps (272), whereas their reaction with CF,COOH proceeds with 
elimination of CF3COC1 and formation of R,NSO2NHPOCl2 (3786). 

The interaction of ArS02N=PC1, (Ar = Ph, p-MeC6H4, p-C1CsH4, 
m-O2NCBH4) with C1,O is interesting owing to the formation of 
ArSO(OCl)=NPOCl, (2906). 

ArSOzN=PC13 + ClzO --t Clz + ArSO(OCl)=NPOC12 (68) 
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Several sulfonylphosphazotrichlorides, ArSO,N=PCI, (Ar = Ph, 
p-CIC,H,, p-MeC6H4, p-O,NC,H,) form stable adducts with DMF; 
these decompose upon heating (297d). 

Ammonolysis of arylsulfonylphosphazotrichlorides gives ArSO,N= 
P(NH2), (222, 237) ; aqueous ammonia yields ArSO,NHPO(NH,)OH 
(237).  Reaction with aniline or p-toluidine gives first the monochlorides 
ArSO,N=P(NHAr'),Cl (238, 426), the triamides being obtained only 
with excess of amine (238).  Alkylsulfonylphosphazotrichlorides (R = Et, 
Bu) give analogous results (251) .  

which 
cannot be obtained by the simple action of ArSOzNHPOClz and aniline ; 
in the latter case saltlike compounds result (312) .  

Hydrolysis of the dianilides gives ArSO,NHPO(NHPh) 

ArSOgNHP(O)( NHPh): 

(59) 
x 
\ 

[PhSO:NPOCln]- [PhNHs]+ 

ArSOSNHPOCla + PhNHi 

Aminolysis of ArS02N=PC13 with secondary amines such as Me,NH 
(254), ethylenimine (296, 354, 489), or methylaziridine (373) gives the 
corresponding triamides. 

SEtrN 
ArSOzN=PCla + 3HNCnHd - ArSOaN=P(NCsH& + 3EtaNHCl (60) 

With sthylenimine : Ar = Ph, p-MeCsH4, p-CICeH4 (296, 354, 489) ; p-OzNCeHc (296); 
p-MeOCeH4 (354, 489) 

With dimethylamine: Ar = o-, rn-, p-0zNceH.1 (254) 
With methylaziridine: Ar = Ph, Me, MeCeH4, 3,4-(OzN)(PhNH)CeHs (373) 

The reaction with diethylamine stops at the diamides, o-, m-, 

The analogous ammonolysis of ArSO2N=PPhCI2 gives ArSO,N= 
PPh(NH,), (Ar = Ph, o- ,  p-MeCaH4, p-C1C6H4, 1-CI0Hi) (453) ,  the 
reaction with aniline yields ArSO,N=PPh(NHPh), (Ar = Ph, o-, m-, 
p-O2NC6H4, l-CloHi, 2-CI0H7) (452) .  The compound PhNHSO,N=PCl, 
reacts with PCI, at  80' to form p-@1C6H,NHSO2N=PC1,, as well as 
ClSO2N=PCl3 (XV) and p-C1C6H,N=PCl3 (510).  

Compounds of the type XS02NRPOC12 (X = F, C1) are formed by 
the alcoholysis (R=Me, Et, Pr, Bu) of XS02N=PC13 (383b). The 
compounds MeSO,N=PCl, and ClSO,N=PF, react with alcohols to give 
the monoesters which rearrange with catalytic amounts of ether to 
MeSO2N(Me)POC1, and ClSO,N(Et)POF,, respectively ( 3 8 4 ~ ) .  Reaction 

P-O,NC~H~SO~N=P(NE~,),C~ (254) .  
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of ArS02N=PC13 with anhydrous* alcohols, ROK (R = Me, Et, Bu), 
yields ArS02N=P(OR), (Ar = Ph, o-,  p-MeC6H4, l-CloH7, 2-CloH7) as 
relatively stable substances,? which give on hydrolysis the diesters 
ArS02NHPO(OR), (275),  also obtainable from ArS02NHPOC12 and 
sodium alcoholates (276). The interaction of o-, m-, p-02NC6H4SOzN= 
PCI, with various alcohols (R = Me, Ph, p-ClC6H4, o- ,  p-02NC6H4) 
is described in detail (253).  Isolation of the monoesters (Ar = Ph, 
o-MeC6H4, l-C10H7,2-C1&7) is only possible at low temperatures (2"-5") 
(280).  Some esters may also be obtained by the chloramine-T method 
(278). The substances ArSO,N=PPhCl, (Ar = Ph, o- ,  p-MeC6Hr, o- ,  
m-o2NC6H4, p-ClC&, 1 -C loH 7, 2-C1 OH 7) (454) and ArSOzN=PPh2C1 
(Ar = Ph, o- ,  p-MeC6H4, p-O2NC6H4, 2-C10H7) (455) show analogous 
behavior with RONa (R=Me,  Et, Ph). Bis-t-butyl peroxides of 
ArS02N=PPhC12 (524b) as well as the compounds ArS02N=PPh2(OOtert. 
Bu) (524c) have been described recently. 

Unsaturated esters such as ArS02N=P(OCH2CH=CH2)3 (Ar = Ph, 
p-MeC6H4, p-C1C6H4, o-, m-, p-o2NC6H4, l-ClOH7, 2-C10H7) (460) and 
ArS02N=PPh(OCHzCH=CH2)2 (Ar = Ph, p-MeC6H4, p-ClC&, p -  
0,NC6H4) (461) are described; they may also be prepared from 
ArS02N.NaC1 and phosphorous triallyl ester (460).  

Esterification of ArS02N=PC13 (Ar = Ph, o-MeC6H4, o-,  p-ClC6H4, o-,  
p - 0  2NC6H4, p-FC6H4, p-CF 3C6H4, 1 -CloH ,, 2 4 ,  OH 7) with aromatic 
alcohols (Ar' = Ph, o- ,  m-, p-MeC6H4, p-F(C6H4, p-C1C6H4, p-o2NC6H4) 
yields the triesters ArS0,N=P(OAr')3 (261, 277, 320, 522), which on 
alkaline hydrolysis give ArSO,NHPO( OAIJ)~.  The above triesters can 
also be obtained from the corresponding sulfamide and (PhO)3PC12 or 
pentaphenoxyphosphorus(V) (534).  

PhSOaNHa + ClaP(0Ph)s + PhSOzN=P(OPh)3 + 2HCl (61) 

PhSOzNHz + P(OPh)6 + PhSOzN=P(OPh)s + 2PhOH (62) 

The aliphatic sulfonylphosphazotrichlorides, R2NS02N=PC13 (R = Me, 
Et), and Ar'ONa (Ar' = Ph, O-,p-CIC,&, o-,p-02NC6H4, l-ClOH7) (273),  
as well as RS02N=PC13 (R=Me,  Et, i-Pr, Bu, PhCH,; Ar=Ph,  
p-C1C6H4, p-O2NC6H4) (250) give the triesters. 

Diesters ArS02N=PCl(OPh)2 may not be obtained in this way. They 

* ArS02N=PC13 and alcohols in the presence of NaOH give water-soluble 
compounds ArS02NNaPO(OR)2 (Ar = Ph, pMeCaH4; R = Bu, n-CaHi3 to 
n-CloH2l) (468) (see also Section X). 

t The triesters ArSOaN=P(OR)3 isomerize on heating Ltt 200'-210' to give 
ArS02NRPO(OR)2 (ask?), in contrast to the results of other authors (278)  (see 
also Section V1,C). 
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are synthesized (320) following Eq. ( 6 3 )  or from PhS02N.NaC1 and 
(PhO),PCl (279) (Section VI,A).  

Ar802NHPO(OPh)2 + PCls + ArS02N=PCl(OPh)Z + POC13 + HCl (63) 

Arylation of sulfonylphosphazotrichlorides with Grignard reagents 

(64) 

( 6 5 )  

leads to phosphinimines. 
ArX02N=PC13 + 3PhMgBr ---f 311ZgBrCl t ArS02N=PPh3 

R2NS02N=PCI3 t 3Ar’MgBr + 3MgClBr + R2NSOzN=PAr’3 

Ar = Ph,  0 - ,  p-MeCsH4, 1-CinH7, 2-ClnH7 ( 2 7 1 )  

R = Me, Et, Pr ,  BLI, C ~ H B O  

Ar’ = Ph ,  m - ,  p-MeCsH4 (3.17, 505) 

The compound p-MeC6H,S02N=PPh, was obtained earlier in another 
way (329);  PhS02N=PR, (R = Me, Et,  Bu, PhCH,, Ph) compounds are 
also prepared (318) by the following procedures ; see also (139) : 

PhSOzNSO + R 3 P 0  + Ph802N=PR3 + SO2 (66) 

(PhS02N)zR + 2R3PO + 2PhS02N=PR3 -1- SO2 (67)  

Analogous compounds RSO,N=PY, (Y = R, Ar, OAr) were isolated 
from the reactions of RS0,NSO with PY,, POY, or PSY, (224, 319, 
414). 

p-MeC6H4SO2NSO + PhN=PPh3 -+ p-MeCaH4SOzN=PPhs + PhNSO (68) 

RR02NS0 + POY3 + SO2 + RSOzN=PY3 

RSOzNSO + PSY3 + RS02N=PY3 

(69) 

(70) 

( 7 1 )  

(72 )  

Fluorination (KF) of ArSO2N=PC1, in aqueous solution gives the salts 
K+(ArSO,NPOCl,)- and K+(ArSO,NPOF,)- (Ar = Ph, p-MeCsH4, 
p-C1CaH4, p-FC6H4, 0-, m-, p-02NC6H4), also obtained from ArS0,- 
NHPOCl, and KF.2H2O (258).  The salts K,+(ArS02NPOF,)2- have 
also been described (258) .  

Formation of nitriles occurs on the attempted distillation of 
p-CICOC6H4SO2N=PC1, (221, 231, 372, 375), sometimes with the use of 
catalysts (71,  72) .  

RSOzNSO + 3PY3 + SPY3 + o P Y 3  + RS02N=PY3 

RS02N=S=N02SR + 2POY3 + SO2 + 2RS02N=PY3 

2p-C1COCeH4SO~N=PCla 2POCla + 2NCCeH480sCl 

/ (73) 
/ 

ClCOCeH480&1+ ClaP=NCOCeH4SOaN=PCla 
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Extension of this method, i.e., the reaction of sulfonylphosphazo- 
trichlorides with acyl chlorides, is described in detail [(221, 231), see also 

ArSOZN=PCls + Ar’COCI -+ ArSOzCl+ Ar’CON=PC13 
(22211. 

J. 
Ar’CN + POCls (74) 

Ar = Ph, 0- ,  p-MeCeH4 
Ar’ = Ph, o-, m-, p-MeCeHr, p-ClCeH4,0-, p-BrCeH4, m-, p-OzNCeH4 

The production of the nitriles is thought to proceed through the 
intermediate formation of carbonylphosphazotrichlorides (cf. Section 
VII, B). 

Dinitriles are formed in a similar way using dicarbonyl dichlorides. 

2PhSOnN=PCls + A(COC1)n - 2POCls + 2PhSOaCl+ A(CN)n (76) 

, CHr- 

CHI- 
A - O-C& (231,235);  nt-CsH4, (CHaCHa)n. CHI, 

--CHa--; trimeeitylchloride (235) 

, --CHaCHs--, 

The hydrolytic behavior (HCOOH) of some sulfonylphosphazotri- 
bromides ArSO,N=PBr, (Ar = Ph, o- ,  p-MeCeH4, 1-CI0H,, 2-CI0H7) is 
described ; all possible intermediates can be isolated (285). 

HCOOH HCOOH 

-HBr, -CO -HBr, -CO 
ArSO&=PBrs - ArSOpNHPOBro 

HCOOH HCOOH 
ArSO~NHPO(0H)Br - ArSOnNHPO(0H)S - &PO4 + ArSOaNHs (76) 

-HBr, -CO - co 

Sulfonylphosphazotribromides RSO,N=PBr, (R = Me, CF,, Ph, 
p-MeC,H4) react readily with Me,SiNMe, or (Me3Si)2NH to give 
RSO,N=PBr,NMe, or RSOzN=PBrzNH(SiMe3),, respectively (378a). 

The compound SO,(N=PCl,) reacts violently with water, amines, 
NH,, ROH, PhOH, and organometallics (232), but no details are given. 
Excess water gives HCl, phosphoric acid, and sulfamide (192). Molar 
quantities of HCOOH yields C13P=NS02NHPOC12 ; excess of formic acid 
results in the formation of minor quantities of Cl,OPNHSO,NHPOCl, 
and large amounts of uncharacterized compounds (192). ArONa gives 
bis(triesters) SO,[N=P(OAr),], (Ar = Ph, o-,  m-, p-MeCaH4, p-ClC&, 
p-O2NC6H4, I-Cl0H7, 2-CI0H7) (267); the bis(tripheny1ester) can also be 
prepared on another way (534). Interaction of S02(N=PC13), with 
ArMgBr [Ar = Ph (337, 505), m-, p-MeC6H4 (337)] gives SO,(N=PAr,),. 
With o-tolylmagnesium bromide no reaction occurs, probably owing to 
steric factors. 
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A ring-closure reaction [ (17) ,  see also (286u)l between heptamethyl- 
disilazane and S02(N=PC13), proceeds according to Eq. (77). With 

Cln 

7=Y 
ClsP=NSOaN=PCla + MeN(SiMea)n __* OgS NMe + 2MeaSiC1 (77) 

\ /  
N=P 

Cln 

ammonia instead of the silazane an ionic compound 

NH4f 

is formed, whereas amines such as dimethylamine, aniline ( 1 7 ) ,  or 
ethylenimine (367) only give the hexamides. With silylamines Me3SiNR2 
(R = Me, Et )  ( 2 8 6 ~ )  a partial replacement of the chlorine atoms occurs. 

Arylation (PhMgBr) of (CI,P=NSO,),NMe leads to (Ph,P=NSO,),- 
NMe, and the bis(triesters) of (Cl,P=NSO,),NMe or (Cl,P=NSO,NMe),- 
SO, are obtained with PhONa ( 3 4 3 ) .  

The acidolysis (HCOOH) of m- and p-C6H4(S0,N=PC13), results in 
m- and p-CBH4(SO2NHPOCl2),; the reaction with RONa (R = Me, Et ,  
Ph) gives m- or p-C6H,[S0,NHPO( OR),], (256) .  Analogous esters 
(CH,),,[S0,N-P(XR),l2 (n=  3, 4 ;  R = E t ,  Ph;  X = O ,  S) may be 
obtained by a Staudinger reaction ( 1  7'8). 

The interaction of 1 ,4-Cl3P=NCt,H4SO,N=PC1, (XVI) (353, 488) and 
m- and p-C6H,(SO,N=PCl3), (367)  with ethylenimine giving the hex- 
amides is described. Both -N-PC13 groups are hydrolyzed in the reaction 
of Cl,P=NC6H,S0,N=PCl3 (o-, m-, p - )  with HCOOH giving Cl,P(O)- 
NHC,H,SO,NHP( O)Cl, and subsequently (OH),P(O)NHC,H,SO, 
NHP(O)(OH), (549) ,  in sharp contrast to the dificult hydrolysis of 
SOZ(N=PCI,),. 

C. SPECTROSCOPIC INVESTIGATIONS 

In general, only a few spectroscopic data of sulfonylphosphazotri- 
halides are available. 

Goerdeler and Ullmann (178) assign the P=N vibration a t  1260-1290 
cm-l in compounds of the type RSO,N=P(OR'),; other authors (337,  
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343) give 1255-1300 cm-l, mentioning that the asymmetric SO2 stretch- 
ing vibration is also involved and that coupling cannot be ruled out’. 
Kirsanov and co-workers (462) point out that  distillation (in the course 
of isolation) of the above esters leads to a rearrangement to RS0,NR’P- 
(O)(OR’),, and that therefore the assignments cannot be sustained. A 
detailed investigation concerning the P=N vibration in such compounds 
is available (520).  

The up=N ofp-MeC6H4SOzN=PC13 is given a t  1199 cm-’ (521).  A band 
a t  1357 cm-l is assigned (324) to  the P=N vibration in FS02N=PF3, and 
a t  1190 cm-l a band is tentatively assigned for FS02N=PBr3 (379).  
Infrared tables for C1SO2N=PF3 and ClS02N=PFzC1 are given (384).  

Only a few chemical shifts ( 31P) from sulfonylphosphazotrichlorides 
have been measured so far: C1SO2N=PCl3 (6, = -20.5 k 0.5 ppm) (510),  
PhSO2N=PCl3 (6, = -4 ppm) (192) ,  PhNHSO2N=PCl3 (6, = -3.5 f 0.3 
ppm) andp-C1C6H4NHS0,N=PC1, (6, = -4.2 f 0.3 ppm) (510) ,  showing 
tetracoordinate phosphorus and thus proving their structure. It is 
interesting to note that the compounds RS02N=PBr3 show 31P NMR 
chemical shifts as follows: R = Me (6, = 105.1 pprn), R = CF3 (6, = 85.1 
pprn), R = Ph (6, = 101.4 ppm), R = p-MeC6H4 (6, = 108.9 pprn), and 
R = pCIC6H4 (6, = 99.5 pprn), thus showing the great influence of R 
(387a). 

Fluorine-19 NMR measurements have been made on FS02N=PF3 
(6, = -59.6 ppm, JpF = 4 Hz) (388),  ClSO,N=PF, (6, = 84.6 ppm, 
J,, = 1078 Hz), C1SO2N=PF2C1 (6, = 50.4 ppm, J,, = 1120 Hz) (384) ,  
and FSO2N=PBr3 (6, = -61.4 ppm, J,, = 2 Hz) (379) .  

Mass spectral data of ClSO,N=PF,, ClSO,N=PF,Cl (384) ,  and 
FSO,N=PF, (385) are mentioned in the literature. 

A NQR study of ClS02N=PC13 (XV) has been reported recently 
(191b). 

VII. Carbonylphosphazotrichlorides 

A. SYNTHESES 

As for the reaction of sulfamides with phosphorus(V) chloride, the 
interaction of amides of carboxylic acids with PCl, attracted attention 
more than 110 years ago (170).  Wallach (511-513) described reaction 
products RCC12NH2 (imidochlorides) resulting from various oxamides 
and PCl,; lat,er workers (61, 70, 165, 321, 360, 485, 491), including quite 
recent ones (361),  still assigned the formula RCClNTOC12 to the reaction 
products. 
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Kirsanov, in 1954, showed in the first of a series of outstanding papers 
that in this reaction carbonylphosphazotrichlorides RCON-PCl,, and 
not the isomers RCCl=NPOCl,, are formed (233). 

RCONHz f PC15 + RCON=PCIB + 2HC1 (78) 

Compounds following Eq. (78 )  are known with R = Ph (223, 260);  o-, 
m-, p-02NC6H ,, o- ,  p-CIC,H ,, p-BrCuH4, 2,4-( 0,N) ,CeH3, 3,5- ( O,N) ,- 
(236);  Ph2CC1, Ph,C (243);  CCl, (2JQ);  CP, (220, 370 ) ;  o BrC,H, (246);  
o-MeC,H, (244);  p-MeOC6H, (133) ;  PhO (265) ;  EtO (223, 233, 264) ;  
MeO, Pro, i-Pro,  BuO, i-BuO (264) ;  2,3,6-Cl3C6H, (484) ;  l-CloH7, 
2-C10H7 (244);  CHF,CF2 (147);  MeCHCl(387h); ClCH,CCl,, CICH,CHCI 
(117) ; MeCCI, (129) ; CBr, (295) ; NCCH, (450) ; Ph2N (274); Me,C(CN), 
E t  ,C( CN) , Pr ,C( CN) , Bu,C( CN) , Am,C( CN ) , (Me,CHCH,CH ,) ,C( CN ) 
(427);  (EtO),P(O)CCI, (59 ) ;  see also (225, 234). These carbonylphos- 
phazotrichlorides are also obtained from acylamides and PCl, plus C1, 
(135). 

Not mentioned above are earlier papers (61,170,485,512,513) which 
assign to these products the formulas of imidochlorides RCCl=NPOCl,. 

Analogous compounds, RCON=PR'CI, ( R  = CHCl,, CCl,, CF, ; 
R' = CH,Cl, CHCl2), result from RCONH, and R'PCl, (4716). The use 
of PhPC1, gives RCON=PPhCl, (R = CCl,) (ass), with CCl,PCI, is 
obtained RCON=P(CClS)C12 (R = CHCl,, CCl,, CF,, p-ClCsH4, p- 
02NC6H4) (469). MePCI, yields RCON=PMeCl, (R = CCl,, CF,, p- 
02NC6H,, P h )  (471). The interaction of carboxylic amides and Ph,PCl, 
in a fairly smooth reaction gives RCON=PPh,Cl with elimination of the 
HC1 formed. Ph,PCI, gives only phosphonium salts, except if electro- 
negative substituents (R = CCI,) are present [(ass), see also (137)] .  
Interaction of R,C(CN)CONH, and PhPCl, yield R,C(CN)CON=PPhCI, 
(R = Me, Et ,  Pr, Bu, Am) (427a). 

The similar reaction of ArCSNH, and PCI, does not give ArCSN=PCI,, 
but, as stated in the example with PhCSNH,, a rather complex reaction 
producing HCl, PSCl,, PCl,, PhCN, and 3,5-diphenyl-1,2,4-thiadiazole 
and other products (282). 

The distinction between RCON-PCI, and RCCl=NPOCl, was effected 
by the characterization of the reaction products and by synthesis of 
180-labeled PhC"ON=PCl, (298) and Et180C1RON=PCl, ( 3 )  (see Section 
VI1,B). 

Excess PCI, partially chlorinates 2-cyanacetamide to give NCCC1,- 
CON-PCl, (450), not attacking the CO group (cf. in the following) nor 
the nitrile group (see Section VII1,B). 

CJ33, 2,4-C1,CeH, (260) ;  2,4-Cl(O,N)C(jH, (214, 260);  O - ,  m- ,  P-FC~H, 
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Oxalic ester amides ROOCCONH2 react with PCl, in an  initial step 
to  form ROCC12CONH2* and then with excess PC1, to  form ROCC12CON= 
PCl,. 

ROOCCONHa + PC15 -+ PoC13 + ROCClzCONHa (79) 

ROCClzCONHz + PCls -+ 2HC1+ ROCCl&ON=PCls (80) 

R = Et (223, 268); Me, Bu, i-Bu, CaHll (268); Ph (270); p-ClCaH4, 

0- ,  m-, p-MeCaH4, l-CloH7, 2-C10H7 (269, 270); see also (225) 

The reaction of PhPCl, and alkoxyureaa under normal condition 
follows Eq. (81) up to 80% yield [ (448) ,  see also (137)] .  If the reaction 
is carried out in vucuo reasonable yields of ROCON=PPhCl, are obtained 

ROCONHa + PhPC14 -+ HCl + RCl + PhPOCla + +(HNCO), (81) 

(474).  These latter compounds may also be obtained from N,N-dichloro- 
carbamates and PhPC1, (449).  The isocyanate CCl,PO(NCO)Cl is ob- 
tained without formation of the phosphazo compound by reaction of 

ROCONCla + PhPC14 -+ 2Clz + ROCON=PPhCla (82) 

MeOCONH, with CC1,PC14 (472).  Similarly MeOP(O)(Cl)NCO is obtained 
using MePCl, ( 4 7 4 ,  and a mixture of ClCH,PO(NCO)Cl and ClCH,POCl, 
is formed using ClCH2PC14 (47Ia) .  

R = Me, Et 

* Chlorination and ring-closure reaction to 1,3,2-diazaphospholanes occurs 
with PCl5 and oxamide (451) : 

HaNCOCONHn + 4PC15 - - 2POCb. 
- 2HCI 

Other authors (41) obtained in this reaction four- and five-membered fused ring 
systems. N,N'-Dimethyloxamide and PCl3, followed by chlorination and inter- 
molecular reaction, give the product shown in Eq. (80b) (41). 
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Alkoxyureas and Ph,PCl, (in vncuo) give only 3% yield of ROCON- 
PPh,Cl; with Ph3PCl, instead, only isocyanuric acid and triphenyl- 
phosphine oxide are obtained (449) .  

ROCONHz + PhnPC15-, -+ HCI + RCl t $(HNCO)z + PhnPOC13-n (83) 

n = 2 . 3  

In  an analogous manner only Ph,PO and unidentified products 
result from PhNHCONH, and Ph3PCl, (544) ,  instead of the expected 
PhNHCON=PPh3 ; this latter compound is obtained from Ph,P=NH and 
PhNCO (544) .  In contrast, PhNHCSN=PPh3 is synthesized from 
PhNHCSNH, and Ph,PCI, (545) .  Compounds RNHCONH, (R = Me, 
Et, Ph, p-MeOCeH4, p-BrC,H,) and PCl, react with intramolecular 
rearrangement to give phosphorylated diazetidines ( 3 4 3 ~ ) .  

2RNHCONHz + 2PC15 --+ 6HC1 t (RN=C=NPOClz)z (84) 

In order to obta,in phosphazo compounds, the HCl formed during the 
reaction has to be removed; for example, ROCON=PPh&l reacts with 
HCl in the following way : 

ROCON=PPhzCl + HCI -+ [ROCONHPPhzCl]+Cl- + RCl t PhzPOCl + +(HNCO)n 
(85) 

Similar results are obtained with (PhO),PCl, (96). 
Finally, alkyltetrachlorophosphoranes and perfluorinated carbonyl 

amides give R,CON=PRCl, (327) .  
Imidoalkylcarbamates RC( =NH)OR’ or their hydrochlorides react 

with PCI, to form an ionic compound and then to give carbonylphosph- 
azotrichlorides (129, 134, 247). 

RC(NH2Cl)OR’ + PC15 -+ [RC(=NHPC14)0R’]+CI- -+ 2HC1 + R’C1+ RCON=PCls 
(86) 

R = Ph (in vacuo), p-MeC&, p-BrCgH4, m-, p-OzNCaH4, 
R’ = Et ; R = CC13, R’ = Me (129) 

With R=Me, decomposition giving EtCl, HCl, POCl, and MeCN occurs; 
with R = R’ = Et no reaction takes place. 

Analogous behavior is observed with PhPCl, [R = Ph,  p-ClC,H,, 
p-BrCaH4, m-, p-O2NC6H4 (132) ,  CHCl,, CCl, (466)] and Ph2PCl, 
( R  = CHCl,, CCl,) (466).  Compounds RCON=PPh,Cl may alternatively 
be prepared by the phosphine-azide reaction (90). 

Another route toward carbonylphosphazotrichlorides consists in the 
action of phosphorus( 111) halides on N-chloroiminocarbamates, involv- 
ing an ionic intermediate (96). 
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(RO)&=NCI t PXgCl - [(RO)&=NPX2CI]+ C1- __+ 

RCI + ROCON=PXaCI (131, 481)  (87)  

A [RC(=NPC13)0R’]+ C1- - R’CI + RCON=PCls (88) 
\ 

RC(=NCI)OR‘ + PCl3 

/* 
RC(=NCI)OR’ + PCltj 

R = Ph, p-BrCeHd; R’ = Et (127)  

The following reactions are known in detail : 

RC(=NCl)OR’ + (Ar0)gPCI + RCON=P(OAr)gCl + R’Cl (89) 

R = Me, Ph, MeO, p-BrCsH4, p-OzNCaH4 

Ar = Ph, p-MeCsH4 (490)  

RC(=NCI)OR’ + PhOPClz + R’Cl t RCON=P(OPh)C12 (90) 

R = Ph, p-OzNCsH4 (127)  

RC(=NCl)OR’ + (ArX)3P + RCON=P(XAr)3 + R’Cl (91) 

R = Me, Et ,  Ar = Ph, p-MeCsH4, p.CIC&, X = 0,  8 ( 9 4 )  

R = Me, Et ,  p-BrCeH4, ?n-, p-02NCeH4, Ar = Ph, p-hfeCsH4, p-CICeH4, X = 0 (96) [see 
also (103 ,  106)l 

lnteraction of NCC(=NCl)OEt and (ArO),P (Ar = Ph, p-MeCeH4, 
p-ClCBH4) gives NCCON=P(OAr),. With trialkylphosphites and at 75”- 
80” a Michaelis-Arbuzov rearrangement, giving NCC[=NPO( OR),]OEt, 
takes place (91). 

RC(=NCl)OR t PhnPC13-, + RCON=PPh,C13-, t RCl 

n = 1, 2, 3 ( 9 7 )  

(92) 

(HO)&=NCl+ R”R2’P + ROCON=PRg’R” + RC1 (93) 

R = Me, Et,  P h  

R’, R” = various substituents ( 8 8 )  

(RO)gC=NCl + R,’PC13_, + ROCON=PR,’C13-, + (n  + 1)RCI (94) 

n = 0; R = Me, Et;  A r =  P h  

n = 1 ;  R = Me, Et; Ar = Ph, PhO 

n = 2 ;  R = Me, E t ;  Ar = Ph, p-McCsH4, p-ClCeH4 

R = Et; Ar = PhO [ (131) ,  see also (89, 128)]  
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With PC'I,, instead, the reaction stops a t  [(RO),C=NPCl,]+Cl- (R = Me, 

The analogous reaction ( 1  O O o - 1 2 ( ) O )  of (EtO),C=NCl with PR,Cl 
[R = Ph (100, 126), p-ClC,H, ( l26)l  or PRC1, [R = p-ClC,,H,, Ph,PN 
( I % ) ,  Ph (100, 126)] gives via the (assumed) intermediate phosphazo 
compound the appropriate isocyanates R P (  0)CINCO or R,P( 0)NCO 
with eliniination of EtCl; see also (79, 82, 123, 257). 

In  a similar way carbonylphosphazotrichlorides are obtained ( 130). 

RCONHCl + PC13 - HCl + RCON=PC13 (95) 

Et) (127) .  

EtrN Clt ArC(=NH)OR + PCl3 - ArC(=NPClZ)OR ---+ 

[ArC(=NPCla)OR]+ C1- - RCl + ArCON=PCl3 (96) 

Finally, compounds RCON=PCl, are formed, as  listed in Section 
VI, B, as  intermediates in the interaction of sulfonylphosphazotri- 
chlorides with acyl chlorides [ (231) ,  cf. also (71,  72, 221, 222, 235, 372, 
375)] .  

CC13C'ON=PC13 may also be obtained from CCl,=CClN=PCl, (obtained 
itself from dichloroacetonitrile and PCl,, Section VIII,B, 1) and POC13 
(307) .  

CCIz=CCIN=PC13 + PoC13 + CC13CON=PC13 + Pc13 (97) 

For the reactions of substituted ureas with PCI,, see Section IX. 
Only few bis( trichlorophosphazoacyls) are known. Urea reacts with 

2 moles of PCI, on both amide groups," giving CO(N-PC13)2 (233) ;  the  
analogous compounds m-C6H4(CON-PCl,), (244) ,  p-C6H4(CON=PC13)2 
(367),  (F,C),,(CON=PCl& [n = 3 (122, 387e), 4 (387e)] ,  and (F2C),(p- 
C6H4CON=PC13)2 (n = 1, 2 )  (123, 387e) are known. Similarly, the 
compounds A(CON=PCl,), [A = CCl,, (CClzCH2)2, (CH2)6(CC12)z] have 
been prepared (387e). As for the compounds with one -CON=PCI, group, 
bis( carbonylphosphazotrichlorides) may be postulated as intermediates 
in the action of dicarbonyldichlorides on sulfonylphosphazotrichlorides 
(235, 367).  The compound C12PPh-NCOCON=PPhC12 is formed from 
PhPCl, and EtOC( =NCl)C( =NCl)OEt (91 ) .  

A mixed carbonyl- and sulfonylphosphazotrichloride p-C13P= 
NSOzC6H4CON=PC13 is obtained (367) from p-sulfonamidobenzamide 
and phosphorus(V) chloride. 

Substituted malonic acid diamides and PC15 yield bis( carbonyl- 
phosphazotrichlorides) (450) without chlorination of the CO group as in 
the case of the oxalic ester amides. 

* By-products of this reaction are described (207) in Section IV,C, 1 .  
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,CONHn ,CON=PCla 

CON& CON=PCla 
XYC, +2pci6 --+ XYC, + 4HCl 

X = Y = C1. Br 

X = Br, Y =NO9 
X = H, Y = C1 

Analogous compounds R(CON=PCl& (R = -CC12-, -CCl,(CH,),CCl,-, 
n = 2, 5 ,  6) have been described recently (387f). 

B. REACTIONS 

trichlorides. 

R = Ph [(223, 260), of. also (298)], 0- ,  m-, p,-OzNCeH4,o-, p-ClC&, p-BrCeH4, 

Nitriles and POC1, result from the pyrolysis of carbonylphosphazo- 

(99) RCON=PCls + RCN + Poc13 

2,4(OzN)zCeHs, 3,6(0zN)zCaHs, 2,4-C1(0zN)CeHs, 2,4-ClaCeHs (260) ,  cc1s (2401, 

PhzCCl (243), p-MeCeH4, 1-ClOH7, 2-CIOH7 (244) 

Hydrogen chloride acts catalytically in the same way at  lower tempera- 
tures (240).  

ls0-Labeling in PhC180N=PC1, showed that ls0 migration from the 
CO group to the phosphorus atom is involved [via a cyclic mechanism 
(298)]; the same results apply to Et180C1*ON=PC1, ( 3 ) .  

r 1 

L -I 

Alkoxycarbonylphosphazotrichlorides ROCON=PCl, give alkyl 
chlorides and dichlorophosphorylisocyanates on heating. 

(101) 
A ROCON=PCla - Clr(0)PNCO + RCI 

R = Et (3, 2233, Me (136, 261) 

The compound PhOCON=PCl, decomposes in vacuo (80’) to POCls, 
triphenylcyanurate, cyanuric chloride and PhOPOC1, (265). 

Similarly, ROCON=PX2C1 compounds decompose (131, 448) as 
shown in Eq. (102). Several other papers [ ( loo,  124, 126, 266, 481), see 

(102) 

also (79)] dealing with this formation of isocyanates without isolation 
of the corresponding carbonylphosphazotrichloride have been published. 

A ROCON=PXgCl - XrP(0)NCO -t RCl 
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Hydrolysis of carbonylphosphazotrichlorides with HCOOH or moist 
air leads to  RCONHPOCl,. This reaction has been carried out with the 

RCON=PC13 + HCOOH + RCONHPOClz + HCl + CO (103) 

following R : EtOCCl,, BuOCC1, (268) ; P h  [(223,259) ; cf. also (368) and 
earlier (4941 ; 0-, m-, p-OzNCBH4, 0-, p-ClCeH4, 2,4-(O2N),C6H3, 3,6- 
( ~ Z N ) ~ C ~ H , ,  2,4-Cl(O2N)C6H3, 2,4-Cl,C& (259);  CCl, (240);  Ph,CCl, 
Ph,C (243) ; PhOCCI,, 0-, m-, p-MeC6H40CC1,, l-CloH,OCC1,, 2- 
CloH70CCI, (270);  Ph2N (274) ; p-MeC6H4, l-CloH7, 2-C1,H, (244);  

C3F7 (330) ; CICHzCCl,, CICHzCHC1 ( 1 1 7 ) ;  MeCCl, (119);  Me,C(CN), 
Et,C(CN), Pr,C( CN), Bu2C( CN), Am ,C( CN), and ( Me2CHCH2CH2),- 
C( CN) ( 4 2 7 ) .  

Similarly RCONHP(O)(CCI,)Cl ( R  = CHCI,, CCl,, CF3, p-o2NC6H4) 
(469) and MeOCONHP(0)PhCl (482) have been prepared ; EtCCl= 
NPOC12 and PhCC1=NPOCl2 are synthesized from nitriles and PC13 in 
presence of oxygen (66). 

Further hydrolysis [(262),  see also (491)]  of RCONHPOCl, gives the 
free amides RCONHPO(OH), [R = Ph,  0-, m-, p-0,NC6H4, 3,5-(O,N),- 

CHF2CF2, CHCIFCFZ, CHC12CFZ (147) ; CF3 (210, 330) ; CNCHz (450) ; 

C&3, 2,4-(0&)2C&,, 0-, p-ClCsH4, 2,4-C1&&3 (262, &a), 2,4- 
C1(02N)CBH, (262) ,  PhzN (274)] .  

Thermolysis of PhCONHPOCl, ( 1 hr/150”) results in a quantitative 
yield of PhCN, POCl,, and HCl(259) ; Ph3CONHPOC1, shows analogous 
behavior (243) .  

Interaction of RCONHPOC12 and PCl, gives, in addition to  POC13, 
the compounds RCCl=NPOCl, (XVII)  [ “isophosphazo compounds,” 
N-(dichlorophosphoryl)acylimidochlorides] [R = CCI, (240) ; CF, (122) ; 
MeCCl, (119) ; p-o2NC6H4 (243) ; Ph,  p-MeCeH4, 0- ,  p-C1C6H4, 0-, m-, 
p - 0  zNC& 4, 3,s- (O&) 2C6H 3 ,  2,4-c1( 0 ,N)C&3, 2,4-C1 zC6H 3,  1 -cl 7, 
2-CloH7 (244) ; p-BrC6H4 (296)l .  The compound p-C6H4(CONHPOC12)2 
gives similar reactions (367) .  

The fluorides ArNHCONHPOF, (Ar = p-C1C6H4, p-BrC6H4, p -  
MeC6H4, p-MeOC6Ha, m-,p-o2NC6H4, 2-CIoH7) and ArNHCONHPOClF 
(Ar = Ph,  p-OzNCsH4) react similarly to  ArNHC(=NPOF,)Cl and 
ArNHC( =NPOFCl)Cl, respectively (114) .  

The former compounds (XVII)  (RCCI-NPOCI,) [R = CCl, (240);  Ph,  
p-MeC6H4, 0-, p-C1C6H4, 0-, m-, p-0,NC6H4, 3,5-(0,N),C6H3, 2,4- 
C1(O2N)C6H,, 2,4-Cl,C6H,, 1-Cl0H7, 2-C,,H7 (244)l give on thermolysis 
RCN and POCl,; with ArONa the corresponding esters are obtained 
(245).  

Compounds ArNHCON=PCl, (formed from ArNHCONH, plus PC15) 
(Ar = Ph,  p-MeC6H4, p-MeOC6H4, p-BrC,H,) rearrange after some time 
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to N-phosphorylchloroformamidines ArNHC( =NP0Cl2)C1 (115) .  The 
latter compounds may also be obtained from ArNHCONHPOCl, and 
PC15 [Ar = Ph, o-, p-MeC,H,, m-, p-ClCeH4, p-BrC6H4, p-ICeH4, o-, m-, 
p-02NC,H,, p-F3CCBH4, 4,3(Me)02NC6H3] (138) and in the aliphatic 
series from RNHCONH, (R = Me, Et) and phosphorus(V) chloride (113) .  
Analogies (243) are described. 

PhzCCICONHPOClz + PC15 + POC13 + PhzCClC(=NPOC12)Cl + HC1 (104) 

The reaction of phenol with RCON=PCl, [R = Ph, p-O2NC6H4, 
3,5-(O2N),C,H3] gives RCON=P(OPh)Cl, or RCON=P(OPh), (105).  The 
synthesis of triesters, i.e., without the isolation of partially chlorinated 
products, has been described with the following R and Ar substituents : 
R = CCl,, A r  = Ph, p-C1CsH4, Et, Me (241);  1-CloH7, 4-ClCloH, (242);  
R = Ph,CCl,p-O2NCeH4, Ar = 1-C,,H7 (243) ; R = Ph, Ar = Ph (96,223, 
246) ; R = 1;C10H7, p-ClC,H,, 3,5-(O2N),C6H,, 2,4-Cl(02N)C,H3, Ar = 

Ph; R = Me, p-BrC,H,, m-O2NC6H,, Ar = Ph, p-MeC,H,, p-ClC,H, 
(96 ) ;  R=p-O2NC6H,, A r = P h  (96, 246);  R=Ph2N,  Ar=Ph,  o- ,  
p-C1C6H4, o- ,  p-O2NC6H,, l-ClOH7 (274);  R = Ph,CCl, Ar = l-C10H7 
(243);  R = p-FCBH4, m-CF,C,H,, Ar = Me, Et,  Ph, p-FCsH4, p-C1C,H4, 
p-O2NC6H4 (522).  Reaction of several carbonylphosphazotrichlorides 
RCON=PCl, (R = Ph, p-ClC,H,, alkyls) with various alcohols, phenol, 
thiophenol, and amines have been described recently (368u, 387c, 
3878). 

Some triesters CF,CON=P( OAr), are claimed to have been obtained 
from the reaction of CF,CONHPOCl, with 3 moles of ArOH (Ar = Ph, 
p-BrC,H,) (122) ; CF,CON=P( OEt)3 is prepared from an azide-phosphine 
reaction [ (210);  see also (478u)l. 

Diesters RCONHP(O)(OMe), [R = CCl,, Ph, p-C1CeH4, m-, p- 
02NC6H4, 3,5-(01N)2CBH3] can be prepared by direct action of alcohols, 
e.g., methanol (133, 263);  extension to higher alcohols is mentioned in 
the literature (464) .  

RCON=PC13 + 3MeOH + 2HC1+ MeCl + RCONHPO(0Me)z (105) 

The analogous reactions of RCON=P(Ar)Cl, (466), RCON=P( CC1,)Cl2 
(469),  RCON=P( OPh)C12 (105),  and ArCON=P(Ar’)Cl, (95)  are described. 

Alcoholysis in presence of triethylamine yields the free dichlorides 
(465) ; the use of sodium alcoholates (241) or excess alcohol (264) gives 
the triesters, some of which, however, have been obtained on another 
way (210). 

The compounds ArNHCON=P(OR), are only obtained by a phos- 
phine-azide reaction (112).  
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Finally, it must be mentioned that  estersof the type ROCON-P(OR’), 
isomerize to  ROCONR’P( 0)( OR’), on heating (477) .  

Excess of aromatic amines with carbonylphosphazotrichlorides (6 : 1 ) 
readily give the amides ArCON-P(NHAr’), [Ar = p-BrCOH4, m-, p -  
02NC,H4, Ar’ =p-MeC,H4 (93); Ar = 14r’ = Ph  [(93, 104),  see also 
(288u)l in contrast to  the very increased difficulty with sulfonylphos- 
phazotrichloritles ; ArCON=P( NHAr’), compounds hydrolyze to  
ArCONHPO( NHAr’),. 

The compound CCl,CON-PC13 forms 1 : I complexes with DMF or 
DMA (297d) .  

Molar ratios of aniline and ArCON-PCI3 lead to  the monoanilides 
(ionic form) (XVIII) (107)  ; these salts give, 

EtaN 
PhNHz + ArCON=PC13 - [ArCON=P(NHPh)Cla]- EtaNH+ (108) 

(XVIII) 

Ar = Ph, p-BrCeH4, m-, p-OzNCeHr, 3,6-(0aN)zCaHs 

on hydrolysis (HCOOH, H,O), ArCONHPO(NHPh)CI and subsequently 
ArCONHPO(NHPh)OH ; diesters ArCON-P(NHPh)( OPh), are formed 
from (XVIII) and PhONa. 

Trisaziridines ArCON=P(NC,H,), (Ar = Ph,  o - ,  p-CICoH,, o- ,  p -  
BrCOH4, m-,  p-O,NC,H,) are obtained from ArCON=PCl, and ethylen- 
imine at 3 5 7 ”  (296) ; PhNHCON=P(NC2H4)3 and MeOCON=P(NC,H,),, 
among others, have been obtained by a phosphine-azide reaction (109). 

The compound p-FC(,H,CON=PCl, gives with ethylenimine, in the 
presence of alcohols ROH ( R  =Me,  E t ,  Pr, i-Pr, Bu, n-COHI3), com- 
pounds of the type p-FC6H,CON-P(OIt)(NC2H,), ( 3 6 9 ~ ) .  

Excess phenylhydrazine and RCON=PCI, (R  = CC13, MeCCl,, 
ClCH,CHCl, ClCH,CCl,, m-, p-FCaH4, p-BrC,H,) give the corresponding 
hydrazides (387b).  

The arylation of arylcarbonylphosphazotrichlorides yields ArCON- 
PPh,  (Ar = Ph, p-CICeHa, p-BrC,H,) ( 9 2 ) .  NCCON=PPh3 may be 
prepared from PPh, and NCC( = NC1)OEt (91). 

The fluorination of RfCON=PCl, (R,  = CF,, CF,CF,, CF,CF2CF2, 
CF3CF,CF2CF2) with AgF results in elimination of POF, and a ring 
closure (370)  t o  2,4,6-tris(perfluoroalkyl)-l,3,5-triazine (XIX). 
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Chlorination of CCISCON=PCIS with PCl, or C1, yields CClSCC12N= 

(108) 

The compounds (CF2),(CON=PCls), and (CF2),(p-C6H4CON=PCls)2 
( n  = 1, 2) react with HCOOH to give (CF2),(CONHPOC12), and 
(CF2),( p-C6H4CONHPOC12),, respectively. Reaction of these com- 
pounds with sodium alcoholates and amines has been mentioned (123).  
The interaction of R(CON=PCl,), with various alcohols, amines, etc., is 
described (387d, 387f) ; m- andp-C,H,(CON=PCl,), andethyleniminegive 
the corresponding hexamides m- and p-C6H4[CON=P(NC2H4),], (367) .  
Thermolysis of m-CBH4(COM=PC1,), gives POC1, and isophthalic 
dinitrile ; its hydrolysis (HCOOH) leads to m-C6H4(CONHPOC12)2 (244).  

A compound Et,C(Br)CONHP(O)(NHPOCl,), has been reported in 
in the literature (168).  Finally, Ph,P=NCOCON=PPh, is formed from 
PPh, and EtOC( =NCl)C( =NCl)OEt (91) .  

PC1, (424).  

CClsCON=PCls + PCls + CClsCClZN=PCla + POCls 

C. SPECTROSCOPIC INVESTIGATIONS 
Only a few spectroscopic data for carbonylphosphazotrichlorides are 

available. 
The vPsN of RCON=PCl, (R = CCl,, CF,, Ph, p-C1C6H4) is found in 

the range 1290-1360 cm-' (98 ) ;  for CF,CON=PCIS the assignment has 
been made at 1381 cm-' (210).  

An infrared investigation of 4N/ ' ,N-labeled compounds RCON=PCIS 
(R = CF,, CCl,, Ph, p-C1C6H4, p-o2NC6H4, p-FC6H4, p-MeC6H4, MeO, 
EtO) has been made recently (475).  

The P=N band in the esters ArCON=P(OR), (Ar=Ph,  m-, p -  
02NC6H,; R = Me, Et, Pr, i-Pr; Ar = Ph, R' = Me, Ph) has been found 
(90) to be typical at  1340-1360 cm-l; another paper (210) gives a wider 
rangeof 1317-1416 om-'. The vPxNfor MeCON=P(OEt), liesat 1360-1386 
cm-' (212).  Infrared spectra of CCl,CON=PPh(OPh), (467),  MeOCON= 
P( OPh),(NHPh), and MeOCON=P(OPh),NH, (102) have been reported. 

Matrosov (331) carried out a calculation of the IR spectra of 
CCl,CON=PCl, and (EtO),P=NP(O)(OEt), and assigns the vPxN to a 
range of 1290-1416 cm-', in accordance with experimental results. It 
is mentioned that the v ~ , ~  is strongly dependent on the substituents a t  
the nitrogen atoms and to a lesser extent on those at  the phosphorus 
atom [see also (295)l .  The compounds PhCON=PR, exhibit the vPxN at 
1332 cm-' (R = Ph) and at 1341 cm-' (R = Bu), PhCON=PPh,Et a t  
1337 cm-', and EtOCON=PPh, at  1268 and 1281 cm-', respectively 
(520). 
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Only a few "P NMR chemical shifts have been measured (475) :  
CC13CON=PC13 (6, = -25.1 pprn), PhCON=PCI, (S,, = -13.2 pprn), 
p-0.,NC6H,CON:PC13 (6, = -1  8.7 ppm), p-FCBH,CON PC13 (6,,= -15.0 
ppm),p-MeC,H,CON=PCl, = -12.2 ppm),  MeOCON=PCl, (6,, = -8.9 
ppm), and EtOCON-PCI, (SIB = -7.3 ppni). 

VIII. Aryl- and Alkylphosphazotrihalides 

A. TRICHLOROPHOSPHAZOARYLS 

1. Syntheses 

Gilpin (172) described the reaction of equimolar amounts of PCI, and 
aniline hydrochloride at 170", but  the resulting compound CeHSNPCI3 
was not further characterized. The same compound is mentioned without 
further specification in some patents (322). Recent work uses PCl, and 
primary aromatic amines (or their hydrochlorides) in CCI, (535) or a 
twice molar ratio of the amine in CC'l, (538) .  

As found from infrared spectra and molecular weight measurements, 
dimerization of the resulting compounds occurs when the amine used 
has a basicity constant K B  (in aqueous solution) greater than lo-''. If 
K R  = 10-'o-10-'3, the compounds are dimeric in the solid state, bu t  
monomeric in benzene solution; with amines of K ,  = lO-"-lO-", only 
monomeric compounds are obtained (535) .  

The following steps for this reaction have been proposed : 

-H+ 
ArNHa + [PClr]+ - [ArNHePClr]+ - (ArNHPClr) 

(109) 

[PCl& + H+ - PCl5 + HCl 

n =  1,2  

(ArN=PCla) ,, 

The following (ArN=PC13)2 ( n  = 1 or 2) have been obtained: Ar = Ph ,  
O - ,  p-MeCnH4, O - ,  m-,p-C1C6H4 (535,538),* m-MeCnH4, o-, m-, p-BrC,H4, 
2,4-C12C6H 3, 2,4-Br2CnH3, 3 ,5-Me2C6H3, p-MeOC6H 4, p-EtOC,H ,, 3,5- 

Br2CnH2, 2,4,6-C12(02N)CnH, (535),  O - ,  m - ,  p-FCsH4, 2,4-F2C6H3, 
2,5-F,C,H3, 2,3,4,5-F,CnH, 2,3,5,6-F,CnH [ (502) ,  see also (500)] ,  
ClSOzC,-,H, (50, 354), O - ,  m-, p-CF3CnH4, 2-F,5-CF,CnH3 (as), O - ,  m-, 
p-MeZNSO2CnH, (549) ,  &Me, 2-NCCBH3 (401) .  

C12CoH3, 0- , m- , p - 0  rNCnH 4, 2,4-( 0 ZN) 2C SH 3, 2,4,6-C13CnH 2, 2,4,6- 

* p-ClCeH4N-PC13 has also been isolated (510) as a by-product of 
PhNHSOzN Pc13 and PC15 (Section V1,B) and from another reaction (361a) 
(Section VIII,B, 1 ) .  
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Arylphosphazotrichlorides can also be obtained by phosphorylation 
(PCl,) of ArNHPOCl,, ArNHPO(OPh)2, ArNHPO(OPh)Cl, (ArNH),- 
POCl,, and (ArNH),PO (535, 536) or of ArNHPO(CI)NArPOCl, 
(Ar = Ph, p-MeC,H4, p-BrC6H4, 3,5-Me2C,H3) (536).  

(ArNH)sPOCl + 2Pc15 -+ Poc13 + 2HC1+ (ArN=PC13)2 (110) 

2ArNHPOC12 + 2PC15 + 2P0C13 + 2HC1+ (ArN=PC13)2 ( 1 1 1 )  

ArNHPO(Cl)NArPOC12 + 2PC15 --f (ArN=PCls)2 + 2PoC13 + HC1 (112) 

Compounds PhN=PPh,Cl,-, (n = 0, 1, 2) may be generated from an 
azide-phosphine reaction using Ph,PC13-, and phenyl azide (65) .  

2PhN3 + 2PhnPC13-, -+ (PhN=PPhnCls-n)z + 2Nz (113) 

(PhN=PCl,), should be formed as an intermediate in the thermolysis of 
2-phospha-l,3-diazetidin-4-ones as well as isocyanate. These two pro- 
ducts react further to form a carbodiimide and POCl, (495-498). 

Finally, dimeric arylphosphazotrichlorides ( 1,3,2,4-diaryldiazadi- 
phosphetidines) are obtained on chlorination ( C12) of arylaminothio- 
phosphoryldichlorides (99) .  

In an analogous manner PhPCl, reacts with ArNH,CI [Ar = Ph, o-, 
m-,  p-MeCsH4, o-, m-, p-C1CeH4, p-MeOCeH4, p-EtOCaH4, 2,4-C12CsH3, 
2,4,6-C13CaH2, o-, m-, p-BrC,H4, 2,4-Br2C6H3, 2,4,6-Br,C,H2, 0-, m-, 
p - 0  ,NC6H4, 2,4-( 0 2N) ,C,H ,, 2,4, 6-C1,( O,N)C,H ,] to give ArN=PPhCl, 
(537) .  With Ph2PC13 and only in presence of pyridine the corresponding 
compounds ArN=PPh2C1 (Ar = Ph, o-MeCsH4, o-,p-C1CBH4, 2,4-C1,C,Hs, 
p-BrC,H,, p-EtOCaH4, m-, p-O2NC6H,) are obtained [( 537, 540) ; see 
also (I92a)l .  

PYrfdlnS 
PhnPCla + ArNHaCl - [ArNH=PPhpCl]+ C1- __+ ArN==PPh&l (1 14) 

Similarly MePCl, gives (ArN=PCl,Me), ( n  = 1, Ar = p-C1CeH4, 0-, 
p-BrCeH4, o-MeCeH4, 2,4-ClzCeH3, p-O2NC,H4, 2,4-(O2N),C6H3 ; n = 2, 
Ar = o-, p-C1C,H4, o-BrC,H,) (526).  C,F,N=PCI, is obtained from the 
reaction of PCl, with C,,,F,NSO ( 1 8 8 ~ ) .  

A difluorotetrachlorodiazadiphosphetidine ( FC12P=NPh)2 has been 
synthesized (37)  from aniline hydrochloride and PCl,F, (see also Section 

Aminobenzenesulfonamides o-, m-, p-H2NS02C,H4NH2 react with 
PCl, at both amino groups to form 0-, m-, p-C1,P=NS02CBH4N=PC13 
(549) (Section V1,A). The para isomer has also been synthesized in- 
dependently (354,489);  only the ortho isomer is dimeric, the meta and 
para isomers are monomeric. 

VIII ,  C). 
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2. Rmctions 
The monomeric and dimerir forms of (ArN=PCI,),h ( 9 ,  = 1, 2 )  show 

different behaviors upon hydrolysis. 
ArN PC13 compounds hydrolyze wit ti HCOOH to form ArNHPOCl, 

[Ar = 2,4,6-CI&’(,H2, 2,4,6-B~,(‘~H.’, 2,4-(O,N),C,H,, 2,4,6-C’1,( 0,N)- 
C,;H, (536) ; Ph, o-, pMe.C’,jH4, v-, p-C‘I(‘(jH4, 2,4-CI,Ci,H,, 2,4-Br.,(’(jH3 
(538) ; o-CI(’,H, (2%‘a, 538) ; o-Me,NSO.,C’,iH, (549)l In contrast, liydro- 
lysis of the clirners in the cold results in  ring opening to yield ArNHPO- 
(Cl)NArPO(‘l, (Ar = 1’11, pMeC’,jH,, /PB~C,~H+,  3,5-Me2C,H,) (536) .  The 
temperature control of this hydrolysis reaction is probably the most 
important factor, because tflie dimcric products monomerize in solution 
on heating. 

ArNHz + PC16 

(ArX=PC13)2 -= ArN=PCls I 
.1 

HCOOH 
[ArNHPCId] 

(cold) 

I 
ArNHPOClg 4 H  

undefined 
products 

ArNHPO(C1)NArPOClz 

Compounds ArN PI’hCI, hydrolyze si milarly to XrNHP( 0 ) P h C I  (539). 
Amnioiiolysis of (PhN P.CY:j), gives an ionic compound [PhNHP- 

(NH,),],N’CI- (501). The rewtioii with rnethylamine yields only u 
polymeric substance (219) (see also Section VIII, B, 2 )  ; fluorophenyl- 
phosphazotrichlorides also give saltlil<e c~onipounds with liciuid arnrnoiiia 
(502) .  

Polymers with IHN-P(C’1) N- J units have been obtained by the 
reaction of (PhN-PC’I,), with urea or inelatnine at elevated temperatures 
( 5 2 5 4 .  

By the action of diethylamine 011 (E’hN 1’(’1:3), gradual substitution 
of the chlorine atoms occurs to monomeric compounds l’hN=P(NEt,),-,,- 
c‘1, (72 = 0, 1 ,  2 )  (184) ;  analogous substances PhN-P(X)CI, [X = NMe,, 
NBu.,, N(Me)CH.,Ph] have been synthesized (501) which give, on 
ammonolysis, tetramiriophosplionium salts [PhNHP( X )  (NH,) .,I + C1b 
[X = NhIe?, NEt.,, NBu,, N(ICle)C‘H,Ph] (501) .  The reaction of PhN 
I’(NEt,)Cl, with other seconclary amines lcads to PhN-P(NEt.,)YCI 
(Y = NMe2, NEt ,, NPr,, NBu,, morplioline, piperidine, pyrrolidine) 
which hydrolyze to unsymmetrical phosphiiie oxides PhNHP( 0)( NEt . )Y 

‘l‘risaziridines ArN=P(NC‘,H4)3 have onI,y been obtained from the 
phosphine P(NC‘.,H,), and t l i ~  corrcspotiding azide ( A r  = Bii, P h ,  
p-PhV,H4, pBrC‘,H;, p-MeC,jH,, o-, u - ,  p-O,NC‘,,H,) (209). 

( 4 7 ) .  
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Trichlorophosphazoaryls give with PhONa the triesters ArN= 
P(OPh), [Ar=Ph, 0-, m-, p-MeCaH4, 0-, m-, p-BrC6H4, 0-, m-, 
p-O2NC6H4, 0-, m-, p-ClC&, p-MeOCeH4, p-EtOCsH4, 3,5-Me2CeH3, 
2,4-C12C&, 2,5-C12C6H3, 2,4-Br2C6H3, 2,4-(02N)2C6H3, .2,4,6-C1,C6H2, 
2,4,6-Br3C,H2, 2,6,4-C12(0,N)C,H,] (546), which with water yield the 
diesters ArNHPO(OPh), [see also (549)l. Some ArN=P(OPh), [Ar = Ph, 
p - 0  2NC6H 4, 2,4- ( 0 2N) 2C BH ,, 3,4- (0 2N) 2C ,H ,, 5-0  2N, 2-pyridyl-C 6H ,, 
2,4,6-(02N)3C6H2] are also obtainedfrom (PhO),P and the corresponding 
amine ; PhN=P(OPh), is also obtained from (PhO),PCl, and aniline (534). 
Compounds PhN=P(OR), (R = Me, Et, Pr, Me2CH) have only been 
prepared by an azide-phosphine reaction (208) ; PhN=P(OEt), may also 
be prepared (518) using the method indicated in Eq. (115). 

PhNSO + 3(Et0)3P + PhN=P(OEt)a + (Et0)3PO + (Et0)3PS (116) 

2,2,2,4,4,4 - Hexachloro - 1,3 - diphenyl - 1,3,2,4 - diazadiphosphetidine 
reacts with phenylisocyanate at  150” (with postulated monomerization) 
to give diphenylcarbodiimide* (49P496, 498). With C 0 2  or CS2 the 
corresponding isocyanate and thioisocyanate are obtained (494). 

Reaction of (PhN=PCl,), with sulfur dioxide yields 2,4-dichloro-2,4- 
dioxo-l,3-diphenyl-1,3,2,4-diazadiphosphetidine (181). This compound 

was made previously by Michaelis (334, 335) from POC1, and aniline. 
Action of HCl on it produces a ring opening to ArNHP(O)ClNArPOCl, 
(Ar = Ph, p-MeCeH4, p-C1C6H,) (297a), also obtained by hydrolysis of 
(ArN=PCl,) 2. 

Analogous compounds, such as (RN=P(O)R’), (R = Ph, R’ = Et)  
and 

Ph 0 
\ f  

(from PhPOCl, and hexamethylenediamine), are known (53). 

* Isocyenates do not react with alkylsulfonylphosphazotrichlorides (495,496). 
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The monomeric compound o-Me,NS0,CoH,N=PC13 gives with 
HCOOH a quantitative yield of o-Me,NSO,C,H,NHPOCl,, whereas the 
(dimeric) meta and para isomers do not react in this way (549) .  Reaction 
with RONa in absolute alcohol gives the diesters o-, m-,  p-Me,NS02- 
C,H,NHP(O)(OR), (R = Me; for the ortho isomer also R = Ph) (549) .  

For the reactions of o- ,  m-, p-C1,P=NSO2C,H4N=PCl3, see Section 
V1,B. 

B. ALKYLPHOSPHAZOTRICHLORIDES 

I. Synth,eses 
2,2,2,4,4,4-Hexachloro- 1,3-dimethyl- 1,3,2,4-diazadiphosphetidine, 

(MeN=PCl,),, was first synthesized independently by Haasemann (186) 
and Chapman and co-workers (69)  from the reaction of methylamine 
hydrochloride and PCI, in symmetric C,H,Cl,. The heat of formation 
was found to  be -217.3 0.5 kcal/mole (166);  the energy of this P-N 
bond is 74.3 kcal/mole (166) and thus lies between the energy of a single 
bond (66.8 kcal/mole) and a double bond (98 kcal/mole), so that in some 
extent delocalization of the nitrogen electron pair can be assumed (519) 
(see also Section VIII, D, 3). 

Other routes to the synthesis of (MeN=PCl,), are the action of PCl, 

2CF&(CI)=NMe + 2PoCls + 2HC1 
/ 

\ 
2CFsCONHMe + 2PCl6 ( 1 1 7 )  

2CFsCOCl+ (MeN=PCls)s + 2HC1 

on N-methyltrifluoroacetamide (352) and the (indirect) synthesis from 
[MeNH,]+SbCl,- (395).  

2MeNHsSbCls + 4PC15 + (MeN=PCl3)~ + 2PC148bCls + 6HC1 (118) 

Minor amounts of (MeN=PCl,), are formed in the reaction of MeNH,Cl 
with PCl, in presence of BCl, (34)  or AlCl, (509a) (where six-membered 
ring compounds are formed, see Section IV,A,2) and by the action of 
PC15 on N,N’-dimethylsulfamide (36b, 510), as well as by the reaction 
of PCl, or PhPCl, with Me,SiN(Me)PCl,=NSO,Cl (50b). Another way 
is the chlorination of methylaminothiophosphoryldichloride (99) .  

A by-product (3%) of the normal synthesis of (MeN=PCl,), 
(MeNH,Cl + PCl,) is formed according to Eq. (119) (31 ,32 ) .  
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Me Me Me 

N N c1 N 
Me Me Me 

.N,Cl,N, AN, 
4PCl.5 + BMeNHsCl __f Clap\ ,P\ ,P\ ,PCla + 18HCl (119) 

Higher alkylphosphazotrichlorides (RN=PCl,), (n = 1,  2) are known 
with the following R :  Et, Pr, Bu, Am (185, 528) ;  n-C,H,, to n-CloH21 
(185) ; ClCMe,CHCl, ClCMe,CH,, Me,C (528);  i-Pr (185) ; i-Bu* (142) ; 
Me,CClCH, (528) ; Me,C (527c, 528) ; Me3CCH2 (529) ; Et2CH (527u, 529) ; 
Me,CCH,CH,, Et,CH, PhCH,, PhCH2CH2, Me,CCCl,CHCl,t (ClCH,),- 
CH,? C1CH,CH2t (529) ; Me,CHCH2CH2, EtCH(Me)CH, (185) ; Ph,CH 

It has been shown (185) that in the case of isoalkylamines not only 
the basicity of the amine involved (as for the arylamines), but also the 
place of branching, influences whether the monomer or the dimer is 
formed. Thus, u-branched isoamines yield monomeric compounds (with 
the exception of (i-PrN=PCl,),), 8-branched amines yield either mono- 
meric or dimeric species, and y-branched amines yield only the dimeric 
compounds. 

Similarly (RN=PPhCl,), compounds (R = Me, Et, Pr, Bu) are pre- 
pared from PhPC14 and alkylammonium chlorides (527) ; (MeN=PPh,Cl), 
has only been synthesized from the azide and Ph,PCl (196),  whereas 
MeNH3C1 and Ph,PCl, yield only the ionic compound [MeNHPClPh,]+- 
C1- (192a, 519), which is also obtained from Ph,PONHMe and PCl, 
( 1 9 2 ~ ) .  Interaction of (CCl,),PCl, and aliphatic amines gives the mono- 

(543) ; (CF,),CH, (CF,),CCl, (CF,)& (295);  CIS02(CH2), (n = 2-4) (542).  

meric compounds (CCl,),ClP=NR (R=Me, Et, Pr, i-Pr, Bu, CBH11) 
(2946). 

Partially or fully halogenated trichlorophosphazohaloalkyls are 
known: (CH,CIN=PCl,), is formed in 40-63% yield by the reaction of 
aminomethanesulfonic acid with a 3.6-fold excess of PCl, (338, 542);  
tris( chloromethy1)amine N(CH,Cl), is also formed in the reaction (338).  
(CH,ClN=PCl,), results also on careful chlorination of (MeN=PCl,), 
(141~). The attempted synthesis of (CHC12N=PC13), (n = 1 or 2) by the 
action of PCl, on HCN failed (44) .  The fully chlorinated monomeric 
compound CCl,N=PCl, may be prepared by chlorination (UV) of 
(MeN=PCl,), (142, 294), thiophosphoric triisocyanate ( I62 ) ,  or MeN= 
PCI(CCl,), (2946). Smaller yields of CCl,N=PCl, are formed in the 

* i-BuNHsCl reacts with excess Pc15 to give CC12=C(CHClz)N=PC13 (527b) or 

(119a) 

ClCMe2CHClN=PCla (528) : 

i-BuNHsCl + 3Pc15 -+ SHCl+ 2Pc13 + ClCMe&HClN=PCls 

t Only when excess PCl6 is used during the reaction (529). 
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bleN~PCI(CC13)2 t 5C12 + 3HC1 + 2CC14 t CCIsN-PC13 ( 120) 

t,hermol;\.sis (120"-130") of [EtSCCILNPCI,]+ PCI,- along with HCI, 
MeCHCISCl, and Pel, (442)  and by the action of excess PCI, 011 EtSCN 
or ArSC'N (Ar = Ph,  p-MeC,H,, p-O,NC',lH,) (422, 443) .  It can also be 
obtained from the reaction of C'1,CNC'I with PCI, (188a). 

EtSCN t 4PC15 --f 2HCI t 3PCls t CClJN=PCls i JloCClzSCl (121)  

Higher aminoalkanesulfonic acids ;md excess PCY, react with partial 
chlorination of the SO,H group and formation of the following RN-I'CI, 

i\le,C'CIC'HCI ; see also the phosphorylation of nitrilcs. 

tion of nitriles is considered somewhat in detail. 

depending 011 temperature and ratio of the reactants (425) .  

C O I I I ~ I O U I I ~ S  (542)  : R = CCl,C'HCI, hk,CCl,CHCl, EtCCI&HCl, and 

Because of the numerous publications in the field, the phosphoryla- 

Acetonitrile and chloroacetonitrile give with PCl, different products 

(122) 
20" 

MeCN + 2PC16 ----+ HCl + "NCCH2PCl4.PC16" 

(123)  
200 

MeCN + 4PClp, -----+ 3PC13 + CC13CC12N=PC13 + 3HC1 

(XX) 

Acetonitrile and PCI, ( 2  : 1) a t  80" give an intermediate compound, 
CH,-C!ClN PCl:3, which may be chlorinated to (XX) (425) .  Other workers 
( 3 0 i ) ,  in contrast, find the action of MeCN and PC1, (1 :3 )  a t  room 
temperature to give only the ionic conipound 

r l+ 

(see Section IY,D, l ) ,  which clecomposes a t  13Oo-1Fi0" to  CC1, CClN 
T'Cl,; the samc result is found in la tw work by Shevchenko and Bodnar- 
chuk (423) .  

A 
CC12=CCIN=PC13 t- MeCN + 0.BPCls (125) 
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Chloroacetonitrile and PCI, ( 1  : 3) react a t  room temperature to form 

r l+ 
PCla- 

C1, ,N=PCla 

clOc----c ‘ PClS I 
which decomposes on heating to give compound (XX) (307, 423). 
Kirsanov and co-workers describe various products which are obtained 
by this reaction (239, 425). 

\ ClCHzCN + 0.6PCla 

A 
ClCHaCN + PCla CCln=CClN=PCls 

200 
ClCHaCN + 2PCls - “ClCH(CN)PCl4*PCl~*” (127) 

ClCHzCN + 3PCls % “NCCClaPCl4.PCls*” - (XX) (128) 
A 

- PClr 

Chloroacetonitrile and PCl, (2  : 1 )  a t  elevated temperature give 

H, ,N=PClS 

c1 c1 ,C=C, 

(307) ; fluoroacetonitrile under the same conditions gives FC1CHCCl2N= 
PCl, (239, 280, 425). 

Phosphorylation of dichloroacetonitrile with PC15 ( 1  : 0.4) in the cold 
yields CCl,=CCIN=PCI,, which upon chlorination with C1, or PCl, gives 
(XX) (239, 281, 307, 424); CCl2=CC1N=PC1, may also be obtained from 

* Rather to be formulated as 

r 1’ 

pa6- 1 
and 

r l+ 

respectively . 
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thermolysis of [Cl,P=NCCl=CHPCl,]+PCle- (Section IV, D, 2) (423) or by 
heating C13P=NCC12CC12POC12 a t  150"-170" (423).  

Compound (XX) is also obtained from CCl,CON=PCl, and PCl, [Eq. 
(lOS)] or from CCl,CCl=NP0Cl2 and PCl, (424) ,  as well as from thermo- 

CC13CCI=NPOCla + PC15 + (XX) + POCIS (129) 

lysis of [C1,P=NCC1=CC1PC1,]+PCle- besides PCI, (423).  The same com- 
pound (XX) is obtained from the interaction of trichloroacetonitrile* 
and PCI, (1 : 1) a t  140"-150" (291) and from the chlorination (UV) of 
(EtN=PCl,), (142) or CHCl2CC1(COC1)N=PC1, a t  200"-210" (532).  It 
results also as a by-product of the reactions of CHCl(COCl)N=PCl, (532) 

CHCl(COCI)N=PC13 + 2PC15 + POCIS + PC13 + HCl + (XX) (130) 

and NCCCl,CCl,N=PCl, or CCI,(CN), ( 2 9 0 ~ )  with PCl,. 
The compound CF,CCl,N=PCl, is obtained from CF,CFClNO and 

PCl, (336) ; (CF3),CC1N=PC1, results from the chlorination of (CF3)2- 
CHN=PCl, (295), and PhCCl=CCIN=PCI, (239, 281) and PhCC1,CCl2N= 
PCl, (239) have also been described. 

Higher nitriles upon reaction with PCl, ( 1 : 3) a t  room temperature, 
give, besides the ionic compounds [C1,P=NCC1=CRPCl3]+PC1, (Section 
IV, D, 1 )  in 25-45% yield, substances of the formula RCCl,N=PCl, 
( R  = MeCCl,, C1CH2CC1,, EtCCl,, PrCCl,, i-PrCHC1, BuCCI,, i-BuCCl,, 
AmCCl,) (445),  which are obtained directly when the reaction is carried 
out under heating. Contrary to these results other authors (307) found 
only the ionic compound [MeC( CI)=C( PCI,)N=PCI,]+PCl,- in the reaction 
of propionitrile with PCl,. 

Aromatic-aliphatic cyanides RC,H,CH,CHClCN ( R  = H, o-,  p-C1, 
p-Br, o-,  p-NO,, m-, p-Me, p-MeO) with PCl, give RC6H4CH2CC12CC12N= 
PCl, directly ( 4 4 4 ~ ) .  

RC6H4CH2CHC1CN + 2PCI5 + HCI + PC13 + RCsH4CH2CCl2CCl2N=PCl3 (131)  

Isopropylcyanide and PCl, give, besides HCl, PCl,, and Me,CClCN, 
poor yieIds of Me,C-CClN=PCl, (432);  excess of PCI, produces 
Me,CClCCl,N=PCl, (307, 432). 

Other secondary nitriles with PCl, ( 1 : 2) give MeRCClCCl,N=PCl, 
(R = ClCH2, CH,Br, Et) (432) via a postulated ionic compound. Excess 
PCl, and isopropylamine [the equimolar reaction follows the usual route 
( I S S ) ]  produce various compounds (530) .  

* Trichloroacetonitrile with SbCls gives only the adduct CC13CN.SbCl5 ( 1 2 5 ) .  
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C11 
i-PrNHsCl+ 4-6PCls __* CCln=C(CHClg)N=PCls - 

(9-60%) CClsCCl( CHCln)N=PCls 

170"180' - HCl I 
i-PrNHaCl+ 7PCls - CCla=C(CCls)N=PCla 

(132) 
(26%) 

Cla (20") 
(1tlO0-l7O0) I 

i -PrNH&l+ 8PCls - (CCla)pCCIN=PCla 
(18%) 

The compound Cl,P(O)CCl,CCl,N=PCl, is prepared (59)  according to 
Eqs. (133)-( 135). 

(EtO)zP(O)CCl2CN + 3PCk -+ ClzP(O)CC12CC1zN=PC13 + 2POCl3 + 2EtCl (133) 

(134) ClzP(0)CClzCN + PC15 + Cl~P(O)CCl~CClzN=PC13 

(EtO)ZP(O)CHzCN + 6PCls + 

CI~P(O)CC~ZCC~ZN=PCI~ + 2POCl3 + 2PC13 + 2EtCl + 2HC1 (136) 

a-Cyanoamine hydrochlorides RR'C( CN)NH3Cl react with PCI, to 
form either monomeric or dimeric compounds (RR'C( CN)N=PCl,), 
(n = 1, 2) [R = Me, E t ;  R' =Me, E t ;  RR' = (CH,),, (CH,),] (362).  The 
monomeric species may also be prepared from n-N,N-dichloroamino- 
nitriles (365). 

RR'C(CN)NClz + PC15 + RR'C(CN)N=PC13 + 2C12 (136) 

The reaction of RR'C(CN)NH,R"Cl and PCl, gives a five-membered 
ring (364).  

RR'CCN RR'C-CCI 
1 +PCls  - I 11 +2HC1 (137) 

R"NHaC1 R " K p / N  
CIS 

R = R' = R" =Me; R = R'= Me, R" = Et, Bu 
R = R" = Me, R' = Et; R = R' = (CHS)~,  R" = Me 

TheaminonitrilesRArC(CN)NH, (R = Me, Et, Pr, i-Pr, Bu, Ar = Ph;  
R = Me, Ar = p-MeCaH4, p-C1CsH4, 2,4-Me2CsH3, 2,5-Me2CsH,) with 
PCl, yield the monomeric compounds R(Ar)C( CN)N=PC13 (363).  With 
R = M e  and A r = P h  the dimer can also be isolated in small yields 
(3-5%). ArCH=C(CN)CONH, and PCl, yield ArCH=C(CN)CON=PCl, 



THE PHOSPHAZOTRlHALlDES 66 

(4276) .  The reaction of enaniines XY(' = C'(R)NH, (X = Y = C'OOR, 
CN or X = COOR, Y = CN, C'OMe; R = CHc'12, CCI,, CF,) with PhPCI,, 
MePC'l,, and Ph2€'Cl, has been described (?5Tn). 

,!-Cpmoaniine hydrochlorides and PC15 give the following react ions 
(36'la) : 

NCCH2CH2NH&l+ 4PC15 + 5HC1 t 2PC13 + C13P=NCClzCC12CH~N=PC13 

- c1 
H C  

Y - - N  
C1 P h  

-HCL 1300 (139) I - PC13 

Clr  
PhN=CClCC12CC12S=PCl~ PhK=CCI-CCl=CCIN=PCI3 

z p-CIC~H~N=CCICCl=CClN=PCl~ + y( ~ - C I C ~ H ~ N = P C I S ) Z  
(140) 

The phosphorylation of N-alkyl(aryl)-3-aminopropionitriles has been 
described recently (292n).  

The C'H, groups of the alltoxynitriles are partially chlorinated by 
PCI, at elevated temperatures and t h e  aniine group shows the normal 
reaction to form ROCHeCC12CClqN-PC13 (IL = Pr, Bu, P h ) .  Heating to 
175" gives CICH,CCleCCIBN-PCl, ; the latter compoiind is also obtained 
from MeOCH,CH,CN and excess of €'U5 via the interrncdiate formation 
of ClCH2CH,CN (439) .  

ROCHzCHzCN + 3PCls + ROCHdCC12CC12N=PC13 I 2HCI L PClq (141)  
A l  

The similar reaction of EtOCH,C!H,C" and PCl, gives intractable 
rnixtures of EtOC'H,CCI,CCl,N=PCI, and ClCH,CCI,CCI,N PCl, (439). 
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Aminoacetic acid reacts with a twofold excess of PCl, with chlorina- 
tion of the carboxyl group and Kirsanov reaction on the amine side to  
give (ClCOCH,N=PCl,) , (531, 532) and CHC1( COCl)N=PCl, (532).  The 
former compound with excess PCl, gives ClCOCHC1N=PC13, which may 
also be obtained directly from glycine and PCl, (1 : 3) (531,532) .  Further 
chlorination at 160"-170" yields CCl,(COCl)N=PCI, (532).  a-Amino acids 
RCH(NH,)COOH ( R  = Me, E t )  give upon phosphorylation (1 : 4-6 PCI5) 
MeCHClCCl(COCl)N=PCl, or CHCl=C(COCl)N=PCI, and CHC1,CCl- 
(COCI)N=PCl,, respectively (530-532). Higher a-amino acids (cr-methyl- 
alanine, valine, leucine) give Me2C(COC1)N=PCl3, Me,CClCCl( COCl)N= 
PCI,, and i-PrCCl,CCl(COCI)N=PC1,, respectively (532).  

Cyanoacetic acid and PCl, at room temperature yield ClCOCH= 
CC1N=PC13 ; on heating or with excess PCl, C1COCCI=CClN=PC13 is 
obtained. The chlorination (PCl, or Cl,) of these two latter compounds 
gives ClCOCCl2CClZN=PCl, (429) .  

20" 
NCCHaCOOH + 3PCls - CICOCHdClN=PCls  

4.6 Pc16 ClCOCCl=CClN=PCl3 

ClCOCCl&ClaN=PCI3 

(143) 

a-Cyanocarbonic acids RCH(CN)COOH with PCl, give in t,,e initial step 
RCH(CN)COCl and then RC(COCl)=CClN=PCI, (R  = Me), whereas 
excess PCl, produces RCC1(COC1)CCl2N=PCl, ( R  = Me, Et, Pr, i-Pr) 
(431).  The compounds (EtO),P(O)CH,CN and (EtO),P(O)CCl,CN with 
excess PCI, give C12P(0)CC12CC12N=PC13 (59)  [Eqs. (133-135)]. 

Malonic dinitrile and PCl, (1 : 1) give 1,1,3,!5-tetrachloro-1,2,6- 
phosphadiazine (239),  whereas with a 3 : 2 ratio at elevated temperatures 
besides HCl and small amounts of 1,l73,4,5-pentachloro-l,2,6-phospha- 
diazine, the compound NCCH=CClN=PCl, is obtained (239, 430). A 

CHa(CN)a + 2PClt. - NCCCI=CClN=PCla + 2HC1+ PC13 
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higher ratio of PCl, (1 : 2) a t  elevated temperatures produces NCCCI- 
CCIN=PC13; chlorination (Cl, or Pel,) of both linear compounds leads 

Alkylmalonic dinitriles react with PCl, (2: 1) to  form 1,1,3,B-tetra- 
chloro-4-alkyl-l,2,6-phosphadiazines and RC( CN)=CClN=PCI, ( R  = Me, 
E t ,  Pr, 4-Pr, Bu) (428) ; chlorination of these phosphazotrichlorides 
results in RCCI(CN)CCl,N=PCl,. Other substituted malonir dinitriles 
R,C(CN)2 (R = Me, E t ,  Pr, C1) with PC1, give R,C(CN)CC12N=PC13 

to  NCCClzCCl,N=PC13 (430) .  

(290c). 
PClS PClS 

RaC(CN)2 - [R2C(CN)CCI=NPC13]+ PCI6- - 
RaC(CN)CC12N=PC13 (145) 

Phosphorylation (PCI,) of 1,1 -dicyano-~-amino-2-arylethylenes, (NC)2C- 
CArNH, (Ar = Ph, p-MeCoH4, p-C1CsH4, p-02NCBH,) also yields cyclic 
compounds ( 2 9 0 ~ ) .  

Succinic acid dinitrile and PCl, undergo a ring closure to  form (XXI)  
(436);  the same compound is obtained starting from fumaric acid 
dinitrile ( 1 : 3) (436, 441) or chloromaleinic acid dinitrile and PC1, ( 1 : 2) 
(436) .  

(CHaCN)z + 4PC15 - 4HCl+ * + 3PC13 (146) 

N 

(XXI) 

NCCH=CHCN + 3PCI.5 (XXI) + 2HC1+ 2Pcls (147) 

NCCCLCHCN + 2PC15 __* (XXI) + HC1+ PCh (148) 

fumeric acid dinitrile 

chloromaleinic acid dinitrile 

Phenylsuccinic acid dinitrile (441) and other derivatives RR’C(CN)- 
CH,CN [R = Ph,  R‘ = H (441);  R = Me, R‘ = Me, E t ,  Bu, sec-Bu, P h ;  
R = R’ = Et, Pr; RR’ = (CH,),, (CH,), (441a)l also give five-membered 
rings. 

CN 
/ 

PhCH PhC=CCl 

* Better formulated as 

CIAN)p N=PC13 
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A spiro compound (XXII) is obtained (441) from Eq. (150). 

N=PCla 
(XXII) 

It is interesting to note that other derivatives of maleinic acid, i.e., 
RR’C=CR”NH,, react with PCl, only to give RR’C=CR”NHCl (R, 
R’ = EtOCO, R ”  = CCl,) (58) .  

The reaction of dicyandiamide with PCl, ( 1  : 2) gives via the postu- 
lated intermediates 

(266, 207) and NCN=C(CI)NHPC13N=PC13 a compound C2H4P2C16 
[2-(trichlorophosphazyl)-2,4,6-trichloro-2-phospha-l,3,5-triazine] (Sec- 
tion V,A),  also described by other authors ( 1 1 0 ) ;  the corresponding 
hydrochloride may also be isolated (266).  

Other trichlorophosphazoalkyls are obtained from the phosphoryla- 
tion (PCl,) of amidines: while only 1 : 1  adduct formation between 
trichloroacetamidine CCl,( =NH)NH2 and PCl, occurs, the corresponding 
N-alkyl- or N-aryltrichloroacetamidines or their hydrochlorides react 
with PCl, in the expected manner. 

CClaC(=NR)NHz + PCls -+ CC13C(=NR)N=PC13 + 2HC1 (151) 

R = Me, Et, PhCHz (118) ,  Bu, COCC13, MeP(O)NMeZ, POClz (IN), Ph (116a, 121) ,  

p-MeCeH.4, p-I(rC&, p-MeOCeH4 (121)  

Compounds CF,C( =NPh)N=PC13 (120)  and PhC[=NP( 0)( OPh),]N=PCl, 
(84) have also been described. 

For the reaction of amidiniuni salts with PCl,, see Section IV,C, 1.  
N-Sulfonylarylamidines and PCl, yield the phosphazo compounds. 

ArC(=NSOzAr’)NHz + PC15 + ArC(=NSOzAr’)N=PC13 + 2HC1 

Ar = Ph, Ar’ = Ph, p-MeCeH4, p-CIC&, p-OzNCaH4, l-CioH7, 2-CioH7 (84) 

Ar = p-OzNCeH4, Ar’ = Ph (87) 

(162) 

Contrary to the reactions above, N-carbonylarylamidines ArC- 
(=NCOAr’)NH, do not form the phosphazo compound, but (with a 
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probablc intr;imolecular rearrangement) only phosphorylated amidiiics 
ArC( NPOC12)N=CCIAr’ ( A r  = Ph,  pBrCq,,H4, Ar’ = Ph,  p-MeCciH4, 

ArC(=NCOAr’)NHz + P& + Ad’(  NPOCla)N=(’ClAr’ t 2HC1 (153) 

p-BrC,,H1), which decompose upon heating to  form Arc( -NPOCl,)Cl and 
Ar’CN (201) .  

Kirsanov and co-workers (215, 116) also report the reaction of 
N-arylureas ArNHCONH, (Ar = Ph,  p-ClC6H4, p-RleC‘,H,) with PCI, at 
room temperature to  yield, via ArNHCON-PCl,, and subsequent 
rearrangement, phosphorylated formamidines (see also Section 1711, A ) .  

ArNHCONHa + PC15 - ArNHC(=NPOClz)Cl + 2HC1 (154) 

Introduction of a sulfonyl group, i.e., with ArSO,NHCONH, (Xr = Ph,  
p02NC,,H4),  leads to  phospliazotrichlori~l~s (SO). 

18“-20” 

ArSOaNHCONHz + 2PC15 + ~ ~ S ~ ~ ~ N - C ( C I ) N = P C I J  + POC13 + 3HCI ( 1 5 5 )  

An analogous reaction has been described (82). 
(PhO),PCI, 

PhOl’Cl,, or PCI, the substances R(‘( NH)N=P(Oilr)RClo-N ( R  = Me, 
CCI,: Ar = Ph,  p-CIC,H4; 72. = 1, 2, 3 )  (lo;?). Variation of the method 
leads to  ROC(=NH)N=PCl, [ ( 2 5 7 ) ,  see also ( I I i ) ] .  

When dinitriles of higher dicarboiiic acids are heated with excess 
PCl,, they react a t  both nitrile groups and with partial chlorination of 
the methylene groups (437) .  

Similarly, N-chloroalkylamidines give with ( 

e w c s s  PCls 
NC(CH2)mCN -+. C1~P=1JC’(“1~(CHp)~~CCl~(’CI~N=PC1~ (156) 

n1 = 2-6; 11 = 1-5 

Other dinitriles o-, w, p-C6H,(C‘H,CN), give o-, wa-, p-C,H4(CC12CCI,N= 
PCl,), ( -127c) ,  whereas dinitriles of the type NCCH(Ph)CH,CH,C” 
react only at one cyanide group with PC’l, (1276).  

NCCH(Ph)CHZCHzCN + 4PC15 4 

3HC1 i 3Pc13 t NCCCI(Ph)CH2CC12CCILN-PC13 (157) 

Both nitrile groups are attacked in NCCH,C‘H( Ph)CH,CN (4276) .  

NCCH2CH(Ph)CHZCN i 4Pc15 + 

ClsP=NCClzCHC‘lCH(Ph)(’HCICCI~N=PCl,~ + 2HC1 + 3PC13 ( 158) 

Bis(tricli1orophosphazo)tetracliloro~tl~~iiie (CXJ,N-PCl,), is obtained 
from isothiocyanic acid and PCl, ( 4 1 )  ; 3-arninopropionitrile and PCl, 
give Cl,I’=NCCl,CCI,CH,N-PCI, (2974. 
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NCCHZCHzNH3Cl + 4PC15 + C13P=NCClZCCl&H2N=PCl3 + 4HClt  2PC13 (159) 

Phenyldichlorophosphazopolychloroalkenes have been obtained recently 
(59a). Only one amino group in (CF3)2C(NH2)2 reacts withMePF, to give 
(CF,) 2(NH2)CN=PMeF, (143a). 

Finally, Cl,P=NS02(CH2)2N=PC13 (542) can also be considered as a 
sulfonylphosphazotrichloride (see Section VI, A).  

. 2. Reactions 

Heating of (MeN=PCl,), should result in monomerization (186) ; this 
is in accordance with the reaction with phenylisocyanate a t  150" pro- 
ducing an unsymmetrical carbodiimide (494). Milder conditions give ring 
enlargement (305) to the six-membered ring compound (XXIII),  also 
obtained in other ways (299, 300, 304) (Section IX).  It is interesting tJo 
note that (MeN=PPhC12)2 and (MeN=PPh,CI), with methylisocyanate 

M e d ' h M e  

N 
Me 

(MeN=PC13)2 + BMeNCO --+ I I + by-products (160) oc, ,co 

(XXIII) 

lead only to the formation of PhPOCl, and Ph,POCI, respectively (196). 
Reacttion of (MeN=PCl,), with CO, and CS2 gives the corresponding 
isocyanates and isothiocyanates, respectively (494) .  

0 c1 
(XXIV) 

c1 s 

MeN \,i"" 
E f  'Cl 
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The P-N ring system is preserved in the interaction of (MeN=PCl,), 
with SO2 and H2S giving (XXIV) (2,4-dioxo-2,4-dichloro-1,3-dimethyl- 
1,3,2,4-diazadiphosphetidine) and the thio analog (XXV), respectively 
[(32, 181)) cf. also (297a)I. 
The compounds (EtN=PCl,), and (PrN=PCl,), (181) react similarly with 
liquid SO2, as does P,(NMe),CI, (32) with SO2 or H2S to give the group 

c1 
/ 1x ‘P’ (X  = 0) S). 

Analogous compounds to (XXIV) 

R = PhO, R’ = Me ( 5 2 )  

R = CsHiiO, R’ = CeHii ( 5 4 )  

R = Bu, R’ = p-CICeH4, PhCHz; R = CI(CHz)4, R’ = p-MeSCeH4, m-, p-ClCeH4 ( 1 9 3 )  

R = Me, CeH11, Ph, PhCHz; R’ = Et, Ph, PhCHz ( 5 3 )  

have generally been prepared from the amine and a phosphoric ester 
dichloride or phosphonic dichloride. Other compounds [R’NP( O)R], 
(R = Me2N, Et2N, PhNH; R’ = Ph, p-BrC6H4, p-MeC&, p-MeOC,H,) 
are isolated from the thermolysis of phosphoric trianilide or from the 
reaction of phosphoric trianilide or phenylphosphonic dianilide with 
phosphoric tris(dialky1amides) [ (216) ,  cf. also (359)l. Chain polymers 
with four-membered P-N ring units are known (348, 358, 359). 

Similar compounds to (XXV), [R’NP(S)R],, result from the thermal 
degradation of R’NHP(S)RCl (R = Me, R’ = Me, Et ,  Ph,p-MeC6H4, m-, 
p-C1CaH4, p-MeOC6H4, p-EtOCBH4; R = Ph, R’ = Me, i-Pr, Ph, p -  
EtOC,H,) (333). Elimination of amine from PhP(S)(NHR), [R = PhCH, 
(492), Me (201, 492)) Et,* Pr, Bu (Sol)] results in formation of the 
corresponding diazadiphosphetidines ; with R = H the corresponding 
[PhP(S)NH], can only be isolated as a by-product (419). 

Some of the above-mentioned compounds have previously been 
described by Michaelis (334, 335) (“phosphazoles”) and a monomeric or 
a dimeric form was assigned to them. Bock and Wiegriibe, however (57), 
showed that only the dimeric form is present [see also (63)]. 

* With R = Et, the cis- and trans-l,3-diethyl-2,4-diphenyl-2,4-dithiocyclo- 
diphosphazanes have been observed ( 1 5 2 ) .  
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Of some interest are further reactions of (XXV) with replacement 
of the two chlorine atoms ( 3 2 ) .  

S Me S 

(XXV) - MeNHt MeNH-P ' l N \ & - N H M e  
I I 

MeHN NHMe 

\'-200"/15 

(162) 
Me Me 

MeNH /"\ S EtZN, P /N\p,S 

SY 'P \"/"NHMe 

F? 
PhNH, / \ AS 

S L/ YN/'\NHPh S" \N/ 'NEtz 

Me Me Me 

The interaction of (XXV) with ethanol also gives substitution without 
affccting the P-N ring system (391) .  Linkage with catechol, resorcinol, 
hydrochinone, and their derivatives gives chainlike, thermally quite 
stable polymers which still contain some four-membered rings (197'). 
The ammonolysis of (XXV) yields (XXVI) (391) ,  the structure of which 

NHz Me NHMe 
I l l  
I I 

S cP-N-P +S 

NHz NH2 

has been established (553) .  
The compounds (XXIV) and (XXV) react with MeNCO to form six- 

membered ring compounds [analogous to (XXIII) (305)l .  Dimethyl- 
amino or thiomethyl groups are introduced by the action of (XXIV) with 
Me,SiNMe, or Me,SiSMe, respectively (181);  azide groups may also be 
introduced ( 1 9 6 ~ ) .  

The ammonolysis of (MeN=PCl,), (and its higher homologs) with 
liquid ammonia (185) gives in the case of the methyl compound an ionic 
product C2H,,NiP,Cl (XXVII), to which a symmetrical structure 
(XXVIIa) (as for the phenyl compound) was assigned. 

(MeN=PC13)2 + IONHI + (XXVII) t 5NH4Cl (163) 

Ziegler (550, 551) carried out an X-ray investigation of the iodide (391) 
and rather surprisingly found an unsymmetrical structure (XXVIIb). 
Evidence for both the symmetrical structure (mechanism, 31P NMR 
spectrum) and the unsymmetrical structure of the iodide (X-ray in- 
vestigation) is available, and a definitive answer concerning the structure 
is not yet possible. An ammonolysis mechanism formerly suggested (185) 
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has now been given up in favor of another involving the intermediate 
formation of a tetrarninop1iosl)honium salt (507) .  

NH2 N H M e  
I I 
I I 

H2N-P=M-P-NH2 

NH2 N H M e  

+ 

I- 

Amrnonolysis of (RN=PCl,), (R  = Me, Ph) with NH,Cl at 180” yields 

The similar reactions of (RN-P(‘l,), with primary amines have been 
high polymers of the proposed forrnulas [P( -NK)CINH],, (525h).  

described (143) .  

(RN=PC13)2 + 9RNH2 - 4 R N H 3 C 1  + ( R N H ) s P - N - P ( N H R ) s  I+ Cl2- ( 1 6 4 )  

R I 1 
R = P r ,  Bu, i-Bu 

1 2+ 
R‘ 
I 

(RNH)(R’NH),P-N-P(NHR’)z(NHR) Clz- + 4 R ’ N H s C I  

/ 
\ 

(RN=PC13)2 + 9 R ’ N H z  

(RNH)(R’NH)ZP-N-P(NHR’)3 If Clz- + 4R’NH3C1 

R I 1 
R = Et, P r ,  Bu, i-Bu; R’ = Et, Bu, i-Bu (some salts as iodides) 

The attempted isolation of MeN-P( NMe2), [by aminolysis of 
(MeN PCl,), with Me,NH] failed (45 ,  287) ; this compound has only been 
prepared by an azide-phosphine reaction (187) .  The compound 
Et,CHN=PCI, with MeNH, ( 1  : 5)  gives the salt (Et,CHNH)(MeNH),PCl 
(143) .  It is found that (MeN=PCl,), gives with N,N’-dimethylsulfamide 
(36b, 37 ,  510) a compound containing three four-membered rings [Eq. 
(1W1. 

Me Me Me 

(166) 
/N\C’/N\ /N\ 

(MeN=PCl3)2 + 2 ( M e N H ) z S O 2  - 4HC1 + 02s P 
\/ \NA\N20z 

M e  Me Me 



74 M. BERMANN 

With N,N'-dimethylurea 

is similarly obtained (36a). In  the reaction between (MeN=PCl,), and 
NaN, the hexazide is formed (196c) ; with NHINCS correspondingly the 
hexaisothiocyanate results ( 5 1 b ) .  

Interaction of (MeN=PCl,) , and Cr( CO) yields a blue-red product 
(OC)&r(MeN=PCl,),, which on thermal degradation gives a polymer 

Chlorination (UV) of (MeN=PCl,), gives CC1,N=PC13 (142, 294).  
Fluorination with Na2SiFB gives both (MeN=PF,), and partially 
fluorinated compounds (for these, see Section VII1,C) ; with KS02F 
(187) (MeN=PF,), is obtained. Fluorination of (RN=PCl,), [R = Me 
(142,294) ,  Et,  Pr (142)l with SbF, leads to the corresponding hexafluoro- 
diazadiphosphetidines ; (BuN=PCl,) , and (i-BuN=PCl,), were fluorin- 
ated with AsF, to the corresponding fluoro compounds (142). 

Hydrolysis of higher alkylphosphazotrichlorides RN=PCl, [ R = Me,C 
(527c, 533),  Me3CCH2, Et2CH, C1CMe2CH2, CC12=C(CHC12), CC1,=CCCl3, 
C1CMe2CHC1, Me,CCCl,CHCl, ClCOCHCl, CHC12CC1(COC1) (533)]  with 
moist air, formic acid, or acetic acid leads to  the corresponding alkyl- 
aminophosphonic acid dichlorides. ClCMe,CH=NPOCl, is obtained by 
elimination of HCl from ClCMe,CHClNHPOCl, ; ClCMe,CH=NPOCl, 
and Me,CCCl,CH=NPOCl, are formed from ClCMe,CHClN=PCl, and 
Me,CCCl,CHClN=PCl, with SO2 a t  140"-150", respectively (533). 

Finally, the compounds MeN=P( OEt), (187) (phosphine-azide re- 
action) and (CF,),CN=PPh, and (CF,),CN=P(OEt),, prepared from 
Ph3P or (EtO),P with (CF,),CNO (336) ,  are known. 

The reactions of the phosphorylation products of nitriles are well 
studied. CCl,N=PCl, decomposes at room temperature, a t  a faster rate 
a t  150" to cyanuric chloride and PC15 (162) : 

(Cr7P5N2)z ( I g 8 ) -  

With SO2 a t  room temperature CCl,=NPOCl, is obtained (294, 442),  
whereas compound (XX) reacts analogously only at 180"-200" (442) .  

Other perchloroalkylphosphazotrichlorides RCCl,N=PCl, [R = 

MeCCl ,, ClCH ,CCl ,, E tCCl 2 ,  PrCCl 2 ,  i-PrCHCl, BuCCl 2, i-Bu CC12, 
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AmCCI, (445) ,  Me2CCl (432)]  give ( 180"-220") the corresponding 
chlorinated nitriles, PCl,, HCI, and PCl, on thermolysis (445) .  

w-Cyanoalkylphosphazotrichlorides (from malonic acid dinitriles and 
PC15) undergo an intermolecular ring closure to  form six-membered rings 
upon heating (430) .  

Hydrolysis of CCl,=C(CHCl,)N=PCI, or CCl,=C(CCI,)N=PCI, with 
excess water produces (CHCl,),CO or CHC1,COCCl3 (530) ,  respectively. 
A mechanism has been suggested [ (445) ,  cf. also (412) ]  which involves 
fission of the P=N bond leading finally to  chlorinated nitriles. 

A unique feature is observed in the controlled hydrolysis (formic or 
acetic acid, or, in some cases, SO,) of perchloroalkylphosphazotri- 
chlorides ; no formation of -CCI,NHPOCl,- from -CCl,N=PCl, occurs, 
but the )C=NPOCl, group is formed instead, with intermolecular 
eliniination of HCI. 

MeCOOH. HCOOH, 90,  
RCC12CC12N=PC13 + RCC12CCI=NPOC12 

R = C1(290c ,  445), ClCH2, Me, Et, Pr ,  Bu, t-Bu, Am (445). COCl (429)  

It is interesting to note that  /3-cyanoperchloroalkylphosphazotri- 
chlorides react in the same way (428) .  

(169) 
MeCOOH 

R = Me, Et, Pr, Z-Pr, Bu 

RCCI(CN)CC12N=PC13 ------+ RCCl(CN)CCI=NPOC12 

Compound (XXI) gives upon acidolysis (acetic acid) or with SO., the 
compound 

::Q:P0Cl2 

(436) ,  but compound (XXII)  reacts with formation of a -NHPO('I, 
group ( U l ) .  Action of PhSO,NH, on (XXI)  leads to 

~ : ~ = ~ P C l 2 = = N S O 2 P h  

(436) .  
Xlcoliolysis of CCI,CC'I,N Pc'l, ( X S )  wi th  1 mole of ROH ( R  = Bu, 

n-C',H,;) leads to  CC'I,C'CI,N P('I,Ol2; with 3 moles of ROH the diesters 
CC1,C'Cl NPO(OR),! or CCI,C(OR) Nl'O(OR)Cl (12 = Me, Et ,  Pr ,  Bu, 
i-Bu, Am, i-Am) are obtained (133) .  The reaction a t  80" gives with (XX)  
only the orthoesters CCJl,C(OR), ( R  = Me, ISt, Pr, Bu, , h i ) ,  not decom- 
posed even upon distillation (434) .  Higher phosphazo compounds 
RCc'l,CC'I,N PC'l, (R = Et, Pr) with 1 mole of R'OH eliminate R'cl and 
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give only RCCl,CCl=NPOCl,; with a molar ratio of 1 : 3 the diesters 
RCCl,CCl=NPO(OR’), (R = R’ = Me, E t ;  R = Et, R’ = Pr) (435) are 
obtained. A 1 : 4 ratio leads at  room temperature to -RCCl,C(OR’)= 
NPO(OR’), (R = Me, Et, Pr;  R’ = Me, Et, Pr, Bu); a tenfold excess of 
alcohol gives in addition to NH4C1 only RCC1,COOR’ (R = R‘ = Me, Et, 
Pr) (435),  also obtained from RCCI,C(OR’)=NPO(OR’), and HCl. 
However, the reaction of RCC12N=PCl, (R = CCI,, MeCCl,, EtCCI,, 
PrCCl,) with phenols XC6H40H (X = H, p-C1, m-NO,, p-Me) gives 

a-Cyanoalkylphosphazotrichlorides RR‘C(CN)N=PCl, hydrolyze to 
RR’C(CN)NHPOCl, [R = R’ = Me, E t ;  RR’ = (CH,),, (CH,), (362);  
R = Et, Pr, i-Pr, Bu, R‘ = Ph;  R = Me, R’ = Ph, p-MeCeH4, p-ClC6H4, 
2,4-Me2C,H3, 2,5-Me2C6H, (363)].  With excess water the free amines 
RR’C(CONH2)NH3C1 are obtained as salts. 

The action of arenesulfonamides on CCI,CCl,N=PCl, [XX) leads to 
ArSO2N=C(CC1,)N=PCl3 (Ar = Ph, p-C1C6H4, p-BrC6H4, p-MeCeH4, rn-, 
p-O2NC6H,, 4-C1,3-02NCeH4, 2-C10H7) (297e) which hydrolyze to 
ArSO,N=C( CCl,)NHPOCl, ; the reaction of (XX) with carboxylic amides 
was recently described (297~) .  Reaction of (XX) with DMF gives the 
compound Me2NCH=NPOCI2 (297d). 

The alcoholysis of 2,4,4,5-tetrachloro-5-(trichlorophosphazo)-3,3- 
dialkylpyrrolidines is briefly described (435a). 

Ethylenimino derivatives of substituted phenyldichlorophosphazo- 
vinyls have been described recently (3696). 

The reactions of the phosphorylated amidines follow the usual 
pattern : hydrolysis with HCOOH (or acetic acid) of RC(=NR’)N=PCI, 
gives RC(=NR’)NHPOCI, [R = CCl,, R’ = Bu, COCCl,, MeP(O)NMe,, 
POCl, (120);  R = CF,, R’ = Ph (120);  R = CCl,, R’ = Ph, p-MeOC,Ha, 
p-MeC,H,, p-BrC,H, ( 1 2 1 ) ;  R = Ph, R’ = P(O)(OPh), (84 ) ] .  The same 
results are obtained for PhC(=NSO,Ar)N=PCl, [Ar = Ph, p-MeCeH4, 
p-C1CeH4, p-02NCeH4, l-CI0H7, 2-ClOH7 (84 ) ] ,  but reaction with water 
leads to phosphoric acid, HCl, and the corresponding amidine. However, 
PhC( =NH)N=PCI, and acetic acid yield only PhC(=NPO( OH)Cl)NH, 
(103).  

Reaction of CCl,C(=NAr)N=PCl, with Ar’OH [Ar’ = Ph, p-C1C,H4 
(121)l gives the triesters ; analogously p-02NCeH4C(=NS0,Ph)N= 
P( OPh), has been prepared (877, as well as PhC( =NSO,Ar)N=P( OAr’), 
(Ar = Ph, p-MeC6H4; Ar’ = Ph, p-ClC,H,; Ar = p-ClC&, Ar’ = Ph) 
(85) ,  which hydrolyze to PhC(=NSO,Ar)NHPO(OAr’),. 

Primary amines react with PhC(=NSO,Ar)N=PCI, to PhC(-NS0,Ar)- 
N=P(NHAr’), (Ar = Ph, p-MeC6H4, p-O2NC6H4, 1-CloH7, 2-C10H7, 
Ar‘ = Ph;  Ar = p-MeC,H,, Ar’ = Ph, p-MeCsH4, p-C1C6H4; Ar = Ph, 

RCCI,N=P( OCeH4X) 3 (4356). 
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Ar‘ = p-BrC,H4) (4, which upon hydrolysis yield the diamides 
PhC( =NSO,Ar)NHPO(NHAr’), and subsequently ArS02NH2 and 
PhCONHPO(NHAr’),. 

Acidolysis of C13P=NCC12(CH2),,CCl~CC12N=PC13 (n  = 2-4, 6) results 
in solvolysis of the -N=PCl, group and an intermolecular HCl elimination 
to form C120PN=CCICCl,(CH2),CCl,CCl=NOPCl~ (437).  The latter com- 
pounds with water give H,NCOCCl,( CH2),CClzCONH2, also obtained 
directly from CC13P=NCCl,( CH,),,CCl,CCl,N=PCl, (n  = 1-6) (438) ; 
excess alcohol produces the esters (CH,),[CCl,C(OR)=NPO(OR)2]2 
(R = Me, E t  ; n = 2,4-6) (29%). Fluorination with K F  or NaF leads only 
to the dinitriles NCCCl,(CH2),CCl,CN ( n  = 2-6) and PF, (440) .  

C. PHOSPHAZOTRIFLUORIDES 
Some compounds of the type (RN=PF,), (n = 1, 2) have been 

described; (MeN=PF,),, for example, may be prepared by several 
different methods : fission of the Si-N bond with PF, (76,  7 7 ,  408-410) : 

PF5 + (Me3Si)zNMe + (MeN=PF3)z + 2MesSiF (170) 

direct reaction of PF, with methylamine in presence of a tertiary amine 
(187) ; this reaction has been formulated as proceeding in the steps (188d) : 

PF5 i- MeNH2 + MeNHz-PFs 

MeNHaVPFs + MeNH2 + (MeNH)zPF3 (171) 

(MeNH)zPF3 + PFs + (MeN=PF& 

fluorination of (MeN=PCl,), with SbF3 (142, 294), KS0,F (187),  
Na,SiF, (503),  and PbF, (142),  and fluorination (AsF,) of 

+ 
CIaB--N=PCla 

I 
Me 

(Section IV,C, 1)  (51h), as well 8s in minor amounts as a decomposition 
product of F,PNMePF, and MeNHPF, (188e). 

Higher dimeric alkylphosphazotrifluorides (RN=PF,)2 with the 
following R are known: R = Et, Bu, i-Bu (142);  Pr (142, 190); tert-Bu 
(190) .  The aryl compound (PhN=PF,), has also been synthesized (189, 
190), as well as derivatives with Ar = 2,4-MezC6H3, 2,6-MezC6H3, and 

The analogous compounds (RN=PF,R’), [R = Me, R’ = Me, C1CH2, 
Et, 2,6-MezC6H3, 3-CF3C,H4; R = Ph, R‘ = Me, Ph; R = Et, R’ = Ph 
(409-411); R = Me, R’ = Ph (62, 409)l are also known. 

2,6-Et,C,H 3 (190).  
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An interesting synthesis for (RN=PF,Ph), (R = Me, Et) has been 
described (411).  

The reaction of heptamethyldisilazane with Ph2PF, gives the 
monomeric compound MeN=PFPh, (409) ; PhN=PPh,F has been pre- 
pared by an azide-phosphine reaction ( 6 2 ~ ) .  Finally, the compounds 
NCN=PPhF, and NCN=PPh,F have been obtained from bis(trimethy1- 
sily1)carbodiimide with PhPF, and Ph2PF,, respectively (175) .  

Phosphazotrifluorides have been described (190, 410) as quite stable 
to water ( 1 ) .  The halogen exchange between (MeN=PCl,), and (MeN= 
PF3) yields mixed chlorofluorodiazadiphosphetidines (MeN=P) &1,,F6-, 
(n= 1-5) (503).  The compound (MeN=PFCl,), is also obtained in the 
reaction of (MeN=PCl,), with BF, (51c). Apart from these, only 
(PhN=PCl,F), (from PhNH,Cl and PF3C1,) is known (37) .  

D. PHYSICAL INVESTIGATIONS 

1. Infrared Studies 
A band near 850 cm-' is assigned as characteristic of a P-N-P 

vibration in (MeN=PCl,), (69, 492) and is also found in all other dimeric 
alkylphosphazo compounds (181,185,338,502,519). Anormal coordinate 
analysis (523) of (MeN=PCI,),, assuming a Ceh structure (cf. Section 
VIII ,D ,3 ) ,  has been carried out. 

The monomeric compounds ArN=PCl, [Ar = 2,4-BrZCBH3, 2,6,4- 
Cl,( 02N)C6H2, 2-Br, 2,6-Cl,H,H2] have vPzN at  1325-1385 cm-l(541), in 
sharp contrast to a former report (199).  The P=N vibration for Ph,P=NPh 
has been definitely found a t  1344 cm-' [ (521) ,  cf. also (520)] .  

For the following compounds vPzN have been correlated : CCl,=CClN= 
PCl, and CCl3CCl2N=PCl3 (XX)* at  1375 cm-l (123),  CF3CClZN=PCl3 
a t  1388 and 1450 cm-' ('") and 1364 and 1400 cm-' (15N) (475),  
(CF3),CHN=PCl3, (CF3)zCC1N=PC13, and (CF3),CN=PC13 between 1300 
and 1500 cm-' (295). More detailed studies were made on CCl,N=PCI,, 
CCl,CCl,N=PCl,, and (CCl,),CClN=PCl, (220) and the vP= assignments 
made a t  1357, 1372, and 1465 cm-l, respectively. CF,CCl,N=PCl,, 

* The UP,N for 14N- and 15N-labeled CCl&ClZN=PC13 are found at 1373 and 
1455 cm-1 and at 1345 and 1408 cm-1, respectively (475). 
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(CF3),CClN=PC1, and (CF,),CN=PCl3 exhibit their vp,N at  1390, 1435, 
and 1500 cm-l, respectively (220~) .  

IR spectra of ClCOCH=CClN=PCl,, C1COCC1=CC1N=PCl3, and 
C1COCCl,CCl2N=PC1, are reported in the literature (429).  The vp,N for 
RCCl(COCl)CCI,N=PC13 (R = Me, Et,  Pr, i-Pr) are found at 1360 cm-l 
(431).  In the analogous compounds ArN=PCl,Me (Ar = o-C1CsH4, 
o-BrC,H,) the vp,N lies between 1370 and 1380 cm-l (526).  

The P=N absorptions for the compounds MeN=P(OR), (R = Et, Pr, 
Bu) and PhN=PR’(OR), [ R = E t ,  R ’ = P h ;  R = P r ,  R ’ = E t ,  Pr;  
R = Bu, R’ =Me, Et, Pr, Bu, (CH,),] are found at  1325-1385 cm-’ (212).  

A planar centrosymmetrical molecule (Czh) is attributed to (MeN= 
PF3)2, according to infrared and Raman studies (141, 523) ; a discussion 
of the spectra is also given elsewhere (187). 

2. N M R  Investigations 
Nuclear magnetic resonance, in particular 31P NMR, has proved 

to be a very valuable method for the elucidation of structures containing 
-N=PCl, groups. In general, the chemical shifts for four-coordinate 
phosphorus in these compounds are between -40 and -40 ppm, for five- 
coordinate phosphorus between 55 and 80 ppm (mostly centered around 
80 pprn), and for six-coordinate phosphorus (e.g., PC16-) at 290 to 310 
ppm (external standard 85% H,PO,). Some papers dealing in part with 
the 31P NMR of some compounds of Section VII I  have appeared (160, 
301, 411). 

Hexachlorodiazadiphosphetidines ( RN=PCI,), [R = Me (157, 196b), 
Et  to n-CloHzl, Et(Me)CHCH,, i-Am (185),  Ph (301),  o-, m-, p-FCeH4, 
2,4-F2C6H3, 2,5-F,CsH3 (502),  m-, p-CF,C,H4 (as), CH,CI (338)] exhibit 
a chemical shift of the phosphorus nucleus between 77 and 82 ppm (85% 
&PO,), thus proving the dimeric structure. 

The lH NMR spectrum of (MeN=PCl,), (1 : 2 : 1 triplet) (JpH = 20 Hz) 
(492) is also characteristic of the dimeric form; the same applies to 
higher diazadiphosphetidines (185).  

Four-membered P-N rings with tetracoordinate phosphorus atoms 
(sp3 hybridization), as in (XXIV) and (XXV) (32)  or (MeN=P(S)Ph), 
(492),  give shifts somewhat beyond the above limits; thus aP = 5.3 pprn 
for (XXIV) and 6, = -51.5 ppm for (XXV). It is, however, interesting 
to note that (MeN)eP4C18 gives only one signal a t  6, = 74.8 ppm (32). 

The following chemical shifts for the monomeric phosphazotri- 
chlorides have been found: CCI,N=PCl, (6, = 16.3 f 0.5 ppm) (162) 
(17.4 ppm) (220u), Et(Me)CHN=PCI, (SP = 38.7 ppm) (185),  2,3,4,5- 
F,C6HN=PC13 (6, = 37.8 pprn), and 2,3,5,6-F,CeHN=PC13 (6, = 31.6 
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ppm) (502), o-CF3CBH4N=PC13 (6, = 49.8 ppm) (46), (5-Me,2-NCC,H,N= 
PCl,), (n = 1 in solution) (6, = 38.0 ppm) (401), CCI,=CCIN=PCI, 
(6, = 23.8 ppm) (307), CC13CCIzN=PC13 (6, = 11 ppm)'(307) (6, = 13 
ppm) (220a), (CC13),CC1N=PC13 (6, = 43.2 pprn), CF,CCl,N=PCl, (6p = 

6.5 pprn), (CF,),CClN=PCl, (21.2 ppm), (CF,),CN=PCl, (44.8 ppm) 
(220a), CIHC=CCIN=PC13 (6, = 24.0; 25.0 ppm ; cis-trans isomerism), 
Me,CClCCI,N=PCI, (6, = -8.8 ppm) (307), and Cl3P=NCCl2CCl2N=PC1, 
(6, = 18 ppm) [ ( a l ) ,  see also (305a)l. Only for (2-P,5-CF3CBH3N=PC1,), 
(n = 1 ,  2) has an equilibrium between the monomeric and the dimeric 
form (two peaks) been observed (46). 

The compound (MeN=PP3), gives a chemical shift 6, of 71.5 (409) 
or 69.6 ppm (77), thus proving pentacoordinate phosphorus, underlined 
by its 'H NMR spectrum (77,196b, 351,409) ; the coupling constants are 
JpH = 14.5 Hz (351,409) and Jpp = 880 (409) or 894Hz ( 4 0 ) ,  respectively. 
A careful NMR study of this compound was carried out by Harris and 
Woodman (191) ; the equivalence of the fluorine atoms was established 
and explained by positional exchange processes [cf. also (4141. lH NMR 
work of (MeN=PP,R), (R = CH,Cl, Et, Ph, m-CF,C,H,) is reported 
(351). NMR data of (MeN=PFCl,), (6, = 59.3 ppm) are reported (51c). 

3. X-Ray Studies 
Two independent X-ray investigations of (MeN=PCI,) , have been 

published (194, 195) ; the molecule consists of a four-membered planar 
ring with nonequivalent P-N distances with trigonal-bipyramidal 

9 
\ 2.152 

1.776 

6 
FIG. 6.  Bond distances and angles in (MeN=PC13)2. From reference ( 1 9 4 ) .  
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coordination at the phosphorus atoms ; the chlorine atoms liavc onc axial 
and two equatorial positions. The compound crystallizes in monoclinic 
form, space group pi,,", moIecu1ar symmetry cth; a = 6.013 0.016 A ;  

2 = 2 ;  d = 1.90 g/cm:3 (194) (see Fig. 6 ) .  
Equal P-N distances (1.67 A)  are surprisingly Sound in compound 

(XXV) (516). 
The X-ray structure of (MeN)6P4('18 has been determined (515), and 

it was shown to consist of three planar Sour-membered rings with 
nonequivalent P-N distances (delocalized n bonding). 

The structure of (MeN-PFJ'h), (73) is in analogy a parallelogram 
with the fluorine atoms being in axial and equatorial position. 

An electron diffraction study (4a) of (MeN-PF,), in the vapor phase 
shows the four-membered ring system. 

An examination of MeN=PPh,F proves its monomeric structure ( I ) .  

b = 14.04 0.03 A ;  c = 6.918 + 0.015 A ;  fi = 98.6 i 0.2"; I T =  579 A";  

4 .  Otiier Physical Investigations 

The heats of melting, evaporation, and sublimation of (MeN-PCI,), 
are known (187). Vapor pressure data for (MeN=PF,), have been pub- 
lished ( 7 7 ,  187),  as well as its Trouton constant (25.5 cal/mole/deg) (77). 

Ultraviolet spectra of compounds with phosphazo groups show the 
P=N bond to give an atixochromic effect (146, 547) .  The spectra of the 
compounds RN-PXYZ (R  = Ph, p-OsNC'eHs, p-MeCaH4, p-CF3C,H,, 
p-MeoNC,H,; X, Y, Z = Ph, OPh, p-CF,C,H,, p-Me,NC,H,) have also 
been investigated (326), as well as their mass spectral fragmentation 

Dipole moments of RN=PCl, [R = CCl,CCl,, MeCCl,CCI,, ClCH,- 
CCl,CCI,, (CCl,),CCl, ClCMe,CCl,, ClCH,CMeClCCl,, 2,4-( O,N),C,H 3, 

2,6,4-Cl2(O,N)CaH,, CCl,, CF,CCI,, (CF,),CCl, (CF,),C] have been 
determined (220a, 325). 

No signal for (MeN=PCI,), is found in the "Cl NQR spectrum 
between 20 and 45 MHz ( 5 1 6 ~ ) .  

The mass spectra of chlorofluorodiazadiphosphetidines (MeN-P),- 
C19tF6-n (n = 1-5) show the presence of all possible isomers (499). 

(491a). 

IX. Miscellaneous Compounds 

3-Amino-l,2-benzoisosulfonazole reacts with PCl, in a normal 
Kirsanov reaction (87). 
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q r  + PClS - &Tra + 2HC1 (173) 

Correspondingly, FS02N=S(0)FNH2 gives FS02N=S(0)FN=PC13 (385b). 
Phosphorus pentachloride and 2-amino-4,6-dichloro-1,3,5-triazine 

react with introduction of a -N=PC13 group (83); with 2,4-diamino-6- 
chloro-1,3,5-triazine two -N=PCIs groups are introduced, and three with 

ma N=PCla 

(174) 
N r \N 

C l A  N J-Cl 

N r \N 

C * A N , J - C l  
+ PCls __+ 2HC1 + 

melamine (83) .  Tris( trich1orophosphazo)melamine may also be obtained 
from 2,4,6-tris(chloramino)-1,3,5-triazine and 3 moles of PC13 (179).  
Hydrolysis of these compounds with formic acid converts the -N=PCl, 
groups into -NHPOC12, -NHP(O)(OH)Cl, and finally -NHP(O)(OH), 
groups (83) .  Interaction with NaOPh produces the esters (64) .  

Cyanuric fluoride amide reacts with PC1, (381),  Ph,PCl,-, (n = 1,2,3) 
(380) or PF3C12 (385) in the usual way, e.g., 

Acidolysis (HCOOH) of (XXVIII) introduces a -NHPOC12 group (380, 
381), whereas substitution to a -NHS02F group occurs with fluoro- 
sulfonic acid (380).  

The reaction with several 4-aminopyridines with PCI, is described 

+ PCl5 - + 2HC1 (176) 
cl&; X N X 

x - Y - a  
X = CCla, Y - H or C1 

(359a); as well as their reactions with alcohols, phenols and formic acid. 
The similar reaction of 2-aminopyridines and PCI, is known ( 3 9 0 ~ ) .  
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Substituted 2-aminopyrimidines react in an analogous manner (297). 

R = H or piperidinyl 

Two of the three chlorine atoms may be replaced by cyclic amines, such 
as morpholine or piperidine (297). 

2-Methylaminopyrimidines react as expected with PC15 (297). 

The behavior of 4-nminopyrin1idines and some 4-methylaminopyrimi- 
dines with PC15 is described (390), as well as their subsequent reactions 
with HCOOH, SO.), or amines. 

+ PClb - + 2HC1 

R 

(XXIX) 

R 
(179) 

R = H or morpholino 
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Compound (XXIX) may also be prepared (390) as in Eq. (180). The 
reactions of 5-aminopyrimidines with PCl, are similar (328). 

N/y + PCls - (XXIX) + POCls + HCl (180) d, NHPOCla 

Hydrazine hydrochloride reacts with PC1, in POC13 as solvent to  
yield Cl3P=N-N=PC1,, which upon hydrolysis (HCOOH) gives hydrazido- 
N,N'-bis(phosphoryldich1oride) (38) .  In  contrast, Ph,PC13 reacts with 
hydrazine hydrochloride to give nitrogen, HCl, and [PhzPCI]zN+Cl- 
(192b).  

Semicarbazide, HzNCONHNHz, which possesses a hydrazide and an  
amide functional group, interacts with PC15 (solvent POCl,) to give the 
interesting compounds (XXX) (39) ; depending on conditions the 

(XXX) 

substances with R = C1 or R = OPOClz may be obtained. Reactions of 
(XXX) with SOz  give ill-defined substances. 

Diphenylthiosemicarbazide reacts with 2 moles of PCl, to produce 
a five-membered heterocyclic (1954 (for analogous systems, see Section 
VIII,B, 1) .  

ClC = N 
PhNHC(8)NHNHPh + 2PCb - 1 I + PSCla + 3HC1 

PhN,p,NPh 

Cls 

S=C-NH 

PhN,p,i?Ph 
c1 

Interaction of PC1, with phenylsulfonylhydrazine (at  room tempera- 
ture or elevated temperature) gives the poorly defined compounds 
(C,H7Nz02S)2PCl, or (C6H6NZOzS *PC13),, respectively (510). 

Benzohydrazide, PhCONHNH,, reacts to give PhCONHN=PC13, 
which on heating reacts further with excess PC15, probably via formation 
of a five-membered heterocyclic and fission of the P=N-bond, to yield 
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PhCHCl?, HCI, and other products (332) .  Acet,ohydrazide and equimolar 
amounts of PCI, gives rise to a tricyclic system (145) .  

1,3-Disubstituted ureas react with PCl, giving 1,3,2-diazaphosphetidin- 
ones* (XXXI).  

cp'a 

/ \  

c1 C 
II 
0 

(XXXI) 

RNH-CO-NHR' - RNH<---"THR' C1- + RN 
\ /""' (lE3) [ ' I' 

R = R' = Me, Bu (495, 498), Ph, l-CloH7 (111) 
R = Ph, R' = BU (495, 498) 

The structure of (XXXI) has been established by means of infrared and 
lH NMR spectra (498);  8,= 6 0 . 0 5 i  0 .5  ppm (196) for (XXXI) ( R =  
R' = Me), thus proving pentacoordinate phosphorus and the ring 
structure. 

The HCl adduct of (XXXI) (R = R' = Me) may be obtained from 
PCl, and methyl isocyanate ; its hydrolysis gives compound (XXIII),  
POCl,, and trimethylisocyanuric acid ; its interaction with SOz (300) or 
with MeNCO (304) also gives (XXIII).  

Attempts to make a diazaphosphetidinone with tetracoordinated 
phosphorus atom 

0 
II 

R 

/ \  
PhN NEtn 

* Formation of a phosphadiazacyclobutenone is found in the reaction of 
C14PNCO with PhNH3Cl (288). 

80"-800 CI#P=NH EtiN ChP=N 
ClrPNCO + PhNHaCl - Re1 + 1 I 1 1'Cl- __+ I I 

PhN-CEO PhN--C=O 
L 1 

( 183e) 
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from the reaction of PhN=P(NEt2)C12 with N,N'-disubstituted ureas 
failed (47a).  

Heating (XXXI) (R = R' = Me) to 160"-180"/0.01 Torr produces 
(XXXII) (299) ; (XXXI) (R = R' = Me) and MeNCO yield (XXIII) 

(XXXII) 

(299);  the same compound (XXIII) may also be obtained from 
(MeN=PCl,), and MeNCO (305) (cf. Section VIII,B, 2 ) .  

Other authors (495,498) assume that the thermolytic decomposition 
of 1,3,2-diazaphosphetidinones first produces trichlorophosphazo com- 
pounds and isocyanates, which, in turn, react with formation of carbodi- 
imides and POC1, [ (494) ,  cf. also (497)l .  Derkach and Narbut (111) 
observed the same effect upon heating (XXXI) (R = R' = Ph, 1-CI0H7) 
at  100"-200". 

Interaction of (XXXI) and PhNCO proceeds over the following steps 
(196) : 

the mechanism [insertion of a PhNCO molecule between the phosphorus 
atom in (XXXI) and its adjacent nitrogen atom] has been established. 
Reaction of (XXXI) with methyl isothiocyanate gives only the thio 
analog to (XXIII), namely, 

oc,N,cO 
Me 

and (XXXIII); with MeNCC1, only (XXXIII) is obtained ( 1 9 6 ~ ) .  A 
six-membered ring is also obtained from (XXXI) and ClS02NC0 ( 3 0 6 ~ ) .  
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Compound (XXXI) (R = R' = Me) reacts with N,N'-dimethylurea 
or N,N'-dimethylsulfamide forming compounds containing two four- 
membered rings ( 3 6 ~ ) .  

Me Me 

(XXXI) + (MeNH)pCO - oc CO + 2HC1 

Me 8 e  

Me Me 
N N 

(XXXI) + (MeNH)pSOa - 
Me Me 

The latter compound is the chloro analog of compound (XXXVI). 
Replacement of the three chlorine atoms in (XXXI) (R = R' = Ph, 

1-CI0H7) with phenol has been described (111);  its hydrolysis a t  100" 
gives H3P04 and diarylureas, whereas at 15" the compounds ArNHCON- 
ArPO(OH), are obtained. Fluorination of (XXXI) ( R  = R' = Me) with 
SbF3 gives 2,2,2-trifluoro-2-phospha- 1,3-dimethyl- 193-diazetidine-one 
[ (144) ,  cf. also (342)l;  its structure has been established based on "F 
and 31P NMR spectra. A positional exchange of the fluorine atoms has 
been shown to occur. Other 2-fluoroalkyl(or aryl-)-Z-phospha- 1,3-dialkyl- 
1,3-diazetidinones may be prepared from N,N'-bis(trimethylsily1)ureas 
with alkyl- or arylfluorophosphoranes (144).  

R 

/"\ /x 
R , N-SiMes 

N-SiMea 
R' (187) 

+ (Y,Z)nPFb-n - O d \ N F - z Y  + 2MesSiF -, 
R' 

n - l , 2  

R = R' = Me, X = Y = F, 2 = Me, Et, Ph, NMez, NEtz; X = F, Y = Z = Me, Ph 

R = Me, R'= Ph, X = Y = F, 2 = Me, Et 

The NMR spectra (lH, lQF, 31P) of these compounds (1436, 144) are 
consistent with the proposed structures. The mass spectra of some of 
these compounds have been recorded (8). The similar reaction of N,N'- 
bis(trimethylsily1)ureas with POCl,, MePOF,, etc., failed to  yield the 
desired diazaphosphetidinones (143c). The compound MeSJPF,NMey( 0) 
reacts with methyl isocyanate to give a spiro-phosphonium hexafluoro- 
phosphate (144).  
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A six-membered heterocyclic is formed by the reaction of 2,2,2- 
trichloro- 1,3-dimethyI -2,1,3-phosphadiazetidinone (XXXI) with sul- 
furyldiisocyanate (306). 

Interaction of N,N'dimethylchloroformamidinium chloride with 
PCIB leads to compound (XXXIII) with hexacoordinate phosphorus 

keNH=:rNHMe C1- + PCls - 1' 

(XXXIII) 

atom (303), shown by its lH and 31P NMR spectrum (6, = 202 5 1 ppm, 
JPH = 20 f 1 Hz) and later by an X-ray structure determination (552). 

The reaction of HN(SO,Cl), with PClb ( 1  : 1 )  yields a compound 
P4C16N2S204 (388) to which, on the basis of electric conductance studies 
in nitromethane (1 : 1 electrolyte) and its 31P NMR spectrum (6, = 

-87 f 1 ppm) (26u), the ionic structure [PC14]+[N(S02CI),]- is assigned. 
N,N'-Bis(trimethylsily1)-N,N'-dimethylsulfamide and PF3C1, give 

the four-membered ring system (XXXIV) (37, 40) .  

Me 

/N\ 

\N/ 

PFsClg + OpS(MeNSiMea)s - OsS PF3 + 2MeaSiCl (190) 

Me 

(XXXIV) 

The action of excess O,S(MeNSiMe,), on (XXXIV) produces (XXXV), 
whereas N,N'-bis( trimethylsilyl) -N,N'-dimethylurea and (XXXIV) 
give (XXXVI) (37, 40).  
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The 31P NMR spectra of (XXXIV) (6, = 76.8 ppm), (XXXV) (6, = 85.0 
ppm), and (XXXVI) (6, = 67.0 ppm) prove the ring structure (40)  

Me Me 

(XXXIV) + OC(MeNSiMes)a __* 018 "\P/N\O + 2MeaSiF 

(192) 
\N/F\N/ 
Me Me 

(XXXVI) 

(pentacoordinated phosphorus atoms with trigonal-bipyramidal arrange- 
ment of the ligands); the l9F NMR spectrum of (XXXIV) shows equi- 
valence of the fluorine atoms, thus showing positional exchange of the 
fluorine atoms [analogous to (MeN=PFJ2, Section VIII, D]. Phosphorus 
pentachloride reacts in a similar manner with 2 moles of N,N'-dimethyl- 
sulfamide or N ,N'-diphenylsulfamide t o  give 

(XXXVII) 

R - Me, Ph 

(36b, 37, 510). 
Finally, the Kirsanov reaction with a cyclic sulfurylphosphazochloride 
gives compound (XXXVIII) ( 5 0 ~ ) .  

I II 
(c1aP=N):P \ /P(N=PCla)a N 

Me 

(XXXVIII) 

c1- 
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X. Applications 

[C1,P=NPC1,=NPC1,]+C1- (VII) as well as (MeN=PCl,),, (PhN=PCl,),, 
2,4-(0,N)zCsH,N=PC13, PhCON=PC13, MeN=P( OPh)Cl,, PhN=P( OMe),- 

C1, PhCON=P(NMe,)Cl,, PhCON=P(OPh),, and PhCON=P N [ ?&)613 
are patented for use as cocatalysts in the anionic polymerization of'  
r-caprolactam (490).  The amido derivative of (VII) has been suggested 
as a flame-proofing agent for tissues (51) .  

Compounds of the type [Cl(Cl,P=N),PCl,]+ZnCl3- (n = 1-10) (Sec- 
tion IV, B,  2) have been found useful as high-temperature lubricants 
(345).  Compounds of the types [C1(C1,P=N),PC1,]+M,fC1,,, (M = Nb, 
Mo, Ta, n = 3-15), [Cl(Cl,P=N),PCl,]+M,+Cl,+, (M = Pt,  W, Ru;  n = 

3-15; m = valence state) (341),  [Cl(PNCl2),PC1,]+Y, or [Cl(PNCl,),- 
PC1,I2+Y2 (n = 3-15, Y = ArO, RO, RNH, RN=) (374) have remarkable 
thermolytic and hydrolytic stability. Temperature-resistant oils of the 
formula [Cl,P(=NPCl,),N=PCl,]+Cl- (n  = 10-15) have been suggested as 
high-temperature fluids (50c) .  The compound Cl,P=NPOCl, (V) is an 
intermediate for lubricant additives, flame-proofing agents, corrosion 
inhibitors (214, 413), and softeners (214);  the use of (V) for the poly- 
merization of isobutene and tertiary olefins has been protected by a 
patent (213).  Esters of (V), such as (RO),P=NP(O)(OR'),, have been 
tested for pharmacological (43)  and insecticidal (108,214,486) properties. 

The pentakis(dimethy1amides) of (VI) (13)  and (VIII) (16a) represent 
effective insecticides. 

The compounds ClS0,N=PC13 (XV) and SO2(N=PC1,), may be used 
as inhibitors for the polymerization of liquid SO3 (171).  Tetramido 
derivatives of CISO2N=PC1, have been suggested for the search of leaks 
in pipelines (293).  

Several phosphazotrichlorides, such as MeS02N=PC13, CCl,CON= 
PCl,, m-C13P=N0,SCBH,CON=PC1,, and their derivatives, stabilize 
photographic silver halide emulsions (95a).  

Some sulfonylphosphazo derivatives, such as ArS02N=P(NC2H4) ,, 
have antitumor properties (108,354,488,489) ; some have been patented 
for their usefulness for coating of textile fibers (373). 

Esters of the type ArSO,NNaPO(OR), (Section VI,B) may be 
utilized for the extraction of metal ions from neutral or alkaline media 
(468).  

A compound PhSO,N=P( OH),( OC6H4N02-p) has been described to 
be a good insecticide (167).  
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Arylsulfonylphosphazotriallyl esters have been reported to be inter- 
mediates for polymers (460).  

The physiological properties of 2,3,6-Cl,C,jH2CONHPO(OR)z have 
been investigated (484).  The toxicity and cancerostatic behavior of some 
carbonylphosphazo derivatives, namely, ArCON=P(NC,H,), (Ar = Ph, 
o-, p-CICBH4, m-, p-02NC6H4, p-BrC,H,) and ArNHCONHPO(NC,H,), 
(Ar = Ph, o-CICBH,), has been described (208, 1 8 3 ~ ) .  The triamides 
ArCON=P(NHAr’), (Ar = p-ClC6H4, p-BrC,H,; Ar’ = Ph, p-MeC,H,) 
may be used as fungicides (480) ; several other derivatives of carbonyl- 
phosphazotrichlorides are potential insecticides (387g) or herbicides 
(387b). The diesters RCONHPO(OR’), (R = CH,Cl, CHCl,, MeCHCl, 
MeCCl,, ClCH,CCl,, o-, m-, p-ClC6HI, p-BrC6H4, p-FC,H,; R’ = Me, 
Et, Pr, Ph) have found application as herbicides (463);  see (79)  for 
general topics. The compound (PhN-PCl,),, which may also be a 
cocatalyst for the polymerization of 6-caprolactam (see above), has also 
been suggested for use as a lubricant additive (322) [as has (MeN=PCl,),] 
and as an inhibitor for the polymerization of SO3 (171).  

The four-membered ring compounds 

NR’ 

R = PhO, R’ = Me (52) 
R = CsHii0, R‘ = CsHii (54) 
R = EtrN, PrZN, PhNH; 
R’ = Et, Pr,  Ph (194a) 

have been described as intermediates for synthetic polymers and as 
flame retardants ( 1 9 4 ~ ) .  Other polymers with P-N four-membered ring 
units are patented (348, 358, 359). 

The antiblastic properties of p-02NC6H 4N=P(NCZH4)3 have been 
reported recently ( 3 2 2 ~ ) .  

The phosphorylation products of nitriles may be useful starting 
materials for polymers (282).  

Phosphorylated trichloroacetamidines have been tested for their 
herbicidic properties (493) ; they are far more active as fungicides (479) .  

The use of (MeN=PF,), and (MeN=PF,R), (R = Ph, m-CF3C6H,) 
(62, 420) as cocatalysts for the polymerization of 6-caprolactam is also 
patented. 

The trichlorophosphazopyrimidines (297, 390) have been suggested 
(297) for the synthesis of active cytostatics. 
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