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Organophosphorus Chemistry. Part X1II.l The Reaction of Phosphorus 
Trichloride with Primary Aromatic Amines 

By A. R. Davies, A. T. Dronsfield, R. N. Haszeldine,' and D. R. Taylor, Department of Chemistry, University 
of Manchester Institute of Science and Technology, Manchester M60 1 OD 

The reaction of an excess of phosphorus trichloride with primary aromatic amines yields arylirninobisdichloro- 
phosphines at ambient temperatures and the corresponding 1.3-diaryl-2.4-dichloro-I ,3,2,4-diazadiphosphetidines 
a t  100-1 20'. Dichloro- (4-nitroanilino)phosphine, isolated from the reaction of 4-nitroaniline and phosphorus 
trichloride, is converted by an excess of phosphorus trichloride in the presence of pyridine into 4-nitrophenylimino- 
bisdichlorophosphine. Phosphorus trichloride reacts with hexamethyl-N-phenyldisilazane to give 2,4-dichloro- 
1.3-diphenyl-I ,3,2,4-diazadiphosphetidine. Phenyliminobisdichlorophosphine reacts with hexamethyl-N-phenyl- 
disilazane to give 2.4-dichloro-I ,3-diphenyl-I ,3,2,4-diazadiphosphetidine and with dimethylaminotrimethylsilane 
to give 2.4-bisdimethylamino-I ,3-diphenyl-l,3,2,4-diazadiphosphetidine. l H  N.m.r. and niass spectroscopic 
data for some of these compounds are discussed. 

THE reaction of a primary amine, or its hydrochloride, 
with phosphorus trichloride yields a variety of products, 
the nature of which depends upon the structure of the 
amine and the reactant ratio. Triaminophosphines, 
(RNH),P, are the products expected to be formed when 
the amine is in large excess; in fact they are rarely 

and early reports of the isolation of tri- 
anilinophosphine 5-7 have been questioned.* Instead, 
treatment of an excess of an amine with phosphorus 
trichloride leads either to a diaminodiazadiphosphetidine 
(I ; R = alkyl or aryl) ,9-14 colloquially termed an imide- 
amide dimer, or to the cage-like compound (11), the only 
well established example of which is that obtained by 
Holmes l6 from methylamine (R = Me). 
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When phosphorus trichloride is in excess the outcome 
of such reactions is less clear-cut. An early report 

that diaryldichlorodiazadipliosphetidines (I1 I ; R = 
aryl) are formed has been disputed. Primary alkyl- 
amines and an excess of phosphorus trichloride produce 
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only alkyliminobisdichlorophospliines (IV ; R = 
alkyl) ,l6* l7 and since aryliminobisdichlorophosphines 
can also be obtained from the reaction of phosphorus 
trichloride with primary arylamines,ll the existence of 
diaryldichlorodiazadiphosphetidines (111 ; R = aryl) 
seemed to be in doubt. Furthermore, attempts to ob- 
tain dialkyldichlorodiazadiphosphetidines (111 ; R = 
alkyl) by thermal elimination of phosphorus trichloride 
from the corresponding iminobisdichlorophosphines (IV) , 
or by treatment of the acyclic compound (IV; R = Me) 
with heptamethyldisilazane, proved in 
spite of the reported synthesis of one such compound 
(111; R = Me) from the reaction of phosphorus tri- 
chloride with the same disi1a~ane.l~ More recently, the 
synthesis of the diazadiphosphetidine (111; R = But) 
has been achieved by two routes, though not apparently 
by direct interaction of phosphorus trichloride with t- 
butylamine hydrochloride.20 

0 
RN-PCI 1-1 

RN- PCI 

CIP-NR 
I I  RN 

Since we were interested in the related ring compounds 
based on phosphorus(v) , termed diazadiphosphetidine 
dioxides (V),,l as potential moiiomers for the synthesis 

Aryliminobisdichlorophosphines (IV ; R = Ar) .-The 
preferred procedure is to dissolve the amine or its hydro- 
chloride in a liberal excess of refluxing phosphorus tri- 
chloride, with reflux maintained until hydrogen chloride 
is no longer evolved (4-6 days). Water vapour and 
oxygen must be carefully excluded at  all stages. The 
product is isolated by evaporating the solution to sinall 
bulk in vacuo at  <30", after which the chilled solution 
will deposit crystalline (IV) . Further purification may 
be achieved by cautious vacuum sublimation or by re- 
crystallisation from phosphorus trichloride (a far from 
ideal solvent, but one which effectively prevents elimin- 
ation of PC1, from the labile bisdichlorophosphines) . 
Pure ary*liminobisdichlorophosphines (IV) were thus 
obtained from aniline (74%), p-anisidine (91 yo), and 
3-nitroaniline (63%). The tetrakisdichlorophosphine 
(VI) (13%) was obtained similarly from 1,4-diamino- 
benzene. 

(XI) 
The mass spectra of these aryliminobisdiclilorophos- 

phines (IV) proved to be particularly useful (see Table 1) ,  
since they show clear parent ions (nl) with the usual 
distribution of chlorine isotopes, and fragments corre- 
sponding to J4 - C1, M - PCI,, &I - PCl,, and Af - 
YCl,. In two instances the formation of (RKPCl)+ ions 

TABLE 1 
Mass spectral data for aryliminobisdichlorophosphines (IV) 

Ar in (IV): Ph 4->IeO*C6H, 3-NO,*C,HJ 4-(Cl,P),K*C6H, 
Rel. int. 

Ion wile (%) wile 
hl 293, 296, 297, 48 323, 326, 327, 

M - C1 258, 260, 262 22 288, 290, 293 
M - PCl, 192, 194, 196 17 222, 224, 226 
M - PCI, 157, 159 43 187, 189 
M - PCl, 122 100 152 
PCl, 101, 103, 105 101 

299 329 

of inorganic polymers, the corresponding phosphorus- 
(111) systems were re-examined. We find that primary 
aromatic amines or their hydrochlorides react with an 
excess of phosphorus trichloride to yield either acyclic 
P-S-P compounds (11'; R = Ar) or four-membered 

(fy) cm, 
P-N heterocycles (111; R = Ar), according to the condi- 
tions used, and that coilversion of the aryliminobisdi- 
chlorophosphines into dichlorodiazadiphosphetidines 
(111; R = aryl) can easily be achieved under mild 
conditions. 

l6 J .  F .  Nixon, Chem. Contin., 1967, 669. 
l7 J. F. Nixon, J .  Chenz. SOC. ( A ) ,  1968, 2689. 
l8 R. Jefferson, J .  F. Nixon, and T. 31. Painter, Clictn. Coinin., 

1960, 622. 

Rel. int. 

161 

36 
174 
66 
70 
42 

(70) 
Rel. int. Rel. int. 

ntle (%) V n l C  t%) 

302, 304, 306 22 473-481 22 

202, 204 66 
167 100 

338, 340, 342, 59 608-616 40 
344 

407-41 3 62 

163 110 

was demonstrated by the detection of metastable ions 
corresponding to the transition (RNPCI)+ + (RNP) + 

+ C1 (at m/e 123-5 for R = 4-MeO*C,H4, and 138 for 
R = 3-NO2*C,H,). The incorporation of two mol. 
equiv. of PC1, of crystallisation into the dichlorodiazadi- 
phosphetidines (III), a possibility noted yreviously,ll 
would lead to the same elemental composition as the 
bisdichlorophosphines. We exclude this, because no 
ions of sufficiently high m/e values are observed, although 
parent ions were detected in the mass spectra of the 
diazadiphosphetidines (see Table 2). lH X.m.r. spec- 
troscopy is not very useful in the structural analysis of 
these compounds, and attempts to convert them into the 

10 E. W. Abel and G. R. Willey, Proc. Chew. SOC., 1962, 308; 
E. W. Abel, D. A. Armitage, and G. K. Il'illey, J .  Chenz. SOC., 
1065, 67. 

20 0. J. Scherer and P. Klusmann, Aagcw. Cliem. Internat. 
Edn., 1969, 8, 752. 

2 1  h1. Green, R. N. Haszeldine, and G. S. A. Hopkins, J .  Chem. 
SOC. (-4), 1966, 1766. 
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spectroscopically more interesting bisdifluorophosphines 
with antimony trifluoride 16 and with caesium fluoride 
led only to extensive decomposition, evidenced by the 
formation of phosphorus trifluoride. 

TABLE 2 
Mass spectral data for dichlorodiazadiphosphetidines 

Rel. Rel. 
int. int. 

(111) 

Ion mle (%) nile ( Y o )  
Af 314, 316, 318 32 342, 344, 346 60 
111 - C1 279, 281 6 307, 309 0 
111 - C1, 166 3 
ArNPCl 167, 169 51 171, 173 127 
ArNP 122 42 135 100 
ArNH, 93 0 100 107 10 
ArNH 92 26 106 13 
At 77 11 91 30 

4-MeC,H4 
(111) 

Ar in P h  

The high intensity of this ion suggests that  partial 
hydrolysis of the diazadiphosphetidine occurred at the spectro- 
meter inlet. 

Diaryldichlovodiazndip~~osphetidines (111 ; R = aryl) . 
-The simplest procedure is to heat the amine hydro- 
chloride with a three-fold excess of phosphorus tri- 
chloride in sym-tetrachloroethane until a clear solution 
is obtained (ca. 24 11). The solution is then evaporated 
at 120" in vaczto, and the residue recrystallised from 
phosphorus trichloride. Water and oxygen must again 
be carefully excluded. Diaryldichloridiazadiphosphetid- 
ines (111) were obtained in this way from aniline (4870),9 
4-chloroaniline P-toluidine (46%), and p-anisidine 
(91%). Their mass spectra (Table 2) display parent 
ions ( M ) ,  with loss of one and two chlorine atoms. As 
in the case of the aryliminobisdichlorophosphines, there 
is evidence for the breakdown (RNPCl)+ __c (RNP)+ + 
c1. 

Since arylirninobisdichlorophosphines (IV) are isolated 
in high yield onl~7 if the temperature during work-up is 
kept a t  or below 30", whereas a temperature of 100- 
1!N" leads to  diazadiphosphetidines (111), thermal 
elimination of phosphorus trichloride from initially 
formed bisdichlorophosphines is probably occurring a t  
higher temperatures, possibly producing an unstable 
phosphorus imide (VII)  which dimerises rapidly [equa- 
tion (i)]. This inference was verified by the conversion 

RN- PCI 
1 1  (mi (i) 

CIP-NR 

of ylienyliminobisdichlorophospliine ( IV;  R = Ph) into 
the corresponding diazadiphosphetidine (111 ; R = Ph) 
at  80" in vacuo, and in refluxing xylene. This behaviour 
is in sharp contrast to  that  of the methyl analogue ( IV;  
R = Me), which has been shown to be in equilibrium 

LB N. N. Greenwood, B. H. Robinson, and B. P. Straughan, 

23 R. G. Cavell, T. L. Charlton, and VC'. Sirn, J .  Anter. Clzent. 
J .  Chern. SOC. ( A ) ,  1968, 230. 

Soc.. 1971. 93. 1130. 

with phosphorus trichloride and the cage compound (11) 
at room temperature, and does not yield (111; R = Me) 
when heated in vacuo.18 This difference may be due to 
a change in the reactivity of the supposed intermediate 
(VII) ,  which when R = Ph may be sufficiently stable to 
survive until dimerisation, but when R = Me rapidly 
inserts into any available P-C1 bond. 
DichEoro-(4-nitroanilino)~hosphine.-Tl1e reaction be- 

tween phosphorus trichloride and an arylamine of lower 
basicity than those already referred to, namely 4-nitro- 
aniline, proceeded differently. Although the initial 
reaction was so vigorous that an inert solvent was re- 
quired to avoid decomposition and the formation of dark 
tars, the substitution process stopped when only one of 
the amine hydrogen atoms had been replaced [equation 
(ii)]. The product, dichloro-(4-nitroanilino)phosphine 
(VIII), a treacherously unstable solid, m.p. 101-104" 
(decomp.) , exploded violently on one occasion during the 
final stages of its preparation. 

The presence of the residual NH group in (VIII)  was 
confirmed by elemental analysis, mass spectroscopy, and 
i.r. analysis. No proton resonance due to  KH was 
observed in the n.m.r. spectrum, possibly owing to 
broadening by the nitrogen atom; a similar feature has 
been observed in the n.m.r. spectra of puIeNH=P(CF,)2,22s23 
and F,P*NHMe.23 

Compounds containing the hTH*PCl grouping are rare 
but not unknown.2, 6* ~ 2 4  Corresponding aminodifluoro- 
phosphines, RNH*PF2, are well authenticated,=*% and 
the strength of the P-I; bond renders them less liable to 
eliminate hydrogen halide even when treated with base. 
Dichloro-(t-butylamino)phosphine, on the other hand, 
reacts rapidly with tertiary amines with loss of hydrogen 
chloride, giving the dichlorodiazadiphosphetidine (I I1 ; 
R = But).20 Attempts to achieve such an elimination 
with (VII I )  were not successful; although addition of 
pyridine to (VII I )  in dioxan solution led to rapid 
precipitation of pyridine hydrochloride, no diazadiphos- 
phetidine was isolated. However, when phosphorus 
trichloride was present during such an experiment, the 
corresponding bisdichlorophosphine (IV ; R = 4-N02-- 
C6H,) was obtained in 30% yield. This product may 
arise by addition of phosphorus trichloride to the imide 
( V I I ;  R = 4-N02*C6Ha), or by nucleophilic attack 
initiated by the conjugate anion of (VII I )  [equation (iii)]. 

The claim by Abel and his co-workers l9 to  have pre- 
pared dimethyldiazadiphosphetidine (111 ; R = Me) by 

24 I. G. &I. Campbell and J. I<. Way, J. Chent. SOC., 1960, 6034. 
26 C. G. Barlow, R. Tefferson, and 1. 1:. Nixon. T .  Cketn. SOC. 

, - - ,  (A4), 1968, 2692. 
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treating phosphorus trichloride with heptamethyl- 
disilazane [equation (iv)] has been challenged ,18 on the 

McN -PC I 

CLP-NMe 
PC!, -1- MeN(SiMe,),- I I ( iv)  

grounds that the initial product from a 1 : 1 molar ratio 
of reactants is the methyliminobisdiclilorophosphine 
(IV; R = Me), which an excess of disilazane converts 
into the cage compound (11) [equation (v)]. Our 

cir 
observations resemble those of Abel’s group, in that we 
find that (a) phosphorus trichloride reacts with slightly 
less than 1 mol. equiv. of the N-phenyldisilazane PhN- 
(SiMeJ2 to give the dichlorodiphenyldiazadiphosphetid- 

phenyldiazadiphosphetidine (111; R = Ph) in 53y0 
yield, and (c) the bisdichloroyliosyhine, treated with a 
fourfold excess of Me,N*SiMe,, gives a mixture of tris- 
(dimethylamino)phosphine, formed by amination of 
eliminated PCl,, and the diaininodiazadiphosphetidiiic 
(IX) in 60% yield (see Scheme). This product was also 
obtained in a separate experiment by amination of the 
dichlorodiazadiphosphetidine with the aminosilane.26 

There appears to be little tendency for cage coni- 
pounds analogous to  (11) to  form when arylamines or 
their derivatives are treated with phosphorus trichloride. 
Only when phenyliminobisdichlorophosphine (IV) was 
treated with methylamine was a cage compound produced 
and this proved to  be (11; R = Me). Since aniline 
was also detected amongst the products, its formation 
in this case almost certainly follows a transamination 
step, in which the less basic aniline is displaced from 
phosphorus by methylamine. 

l H  N.m.r. Spectra.-The chemical shift data for para-  
substituted aromatic rings in hisdichlorophosphines, 

TABLE 3 
‘H N.1n.r. data for para-substituted A r N - P  compounds (Xi) 

HA 
- 0.96d 
- 0.7M 
- 0-66d 
- 1.91d 
- 0.71d 
- 1.01s 
- b76d 

6 0  
A > 

H B  CH, 
- 0.60d 
- 0.68d 4.17s 
- 0-27d 2.80s 
- 0.98d 
- 0.46d 2.63s 

- 0.80d 

JaB/Hz Solvent 
9 PCl, 
4 PCI, 
6 cc1, 
8 PCI, 
0 CCl, 

PCI, 
9 PCl, 

a liclative to external benzene, in p.p.m. (a negative sign indicates a downfield shift). 

ine (111; R = Ph), identical with authentic material 
prepared as already described, (b )  phenyliminobisdi- 
chlorophosphine (11’; R = Ph) reacts smoothly with 

PhN-PCI =.I I (III) i PC I J  
CIP-NPh 

/- I 
PhN (PCI2I2 

“1 \ 
1 i i i  

diazadiphosphetidines, and related compounds, are 
listed in Table 3. The assignments are made on the 
assumption that the presence of N(PC1,),, NH*PCI,, and 
NPCl substituents will not unduly modify the usual 
behaviour of the remaining substituents. If correct, 
they indicate that these N-P groupings are all electron- 
withdrawing; indeed, the X(PCl,), group exerts a de- 
shielding effect between that of CCl, and NO,, and this 
effect is exerted on the ntrfn-proton aimost as strongly 
as on the ovtho-position. 

ESPERIMEKTAL 

Moisture-sensitive tervalent phosphorus compounds \!-ere 
Iisndletl under dry nitrogen in a Bassaire DBl glove box. 
Solvents were dried thoroughly. Amine hydrochlorides 
were prepared from the corresponding amines and dry 

SCHEME Reagents: i, PhN(SiMe,),; ii, Me,N*SiMe,; hydrogen chloride in anhydrous ether. Phosphorus tri- 
chloride was redistilled immediately prior to use. Hesa- 

26 A. R. Davis ,  R. N. Haszeltlinc, and D. R. Taylor, unpub- 

(Ix) 
iv \ phN-!-p. NMe2 

I I  
(11) 

MezN*P-NPh 

iii, iMe,N*SiMe, (ref. 26) ; iv, MeNH, 

PhN(Si’1e3)Z at ambient temperature to give 
metliylsilane almost quantitatively and dichlorodi- lished results. 
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methyl-N-phenyldisilazane 27 and dimethylaminotrimethyl- 
silane 2a were prepared by published procedures and stored 
under anhydrous conclitions. 

Compounds were characterised by i.r. spectroscopy 
(Perkin-Elmer 137 and 257 spectrophotometers fitted with 
sodium chloride and grating optics, respectively), n.m.r. 
spectroscopy (Perkin-Elmer R10 instrument, operating at 
60.00 MHz) (data in Table 3), mass spectrometry (A.E.I. 
MS9 instrument) (data in Tables 1 and 2), and elemental 
analysis (we acknowledge the assistance of Dr. Kakabadse 
and his staff, in this Department). All M values were 
determined by mass spectrometry, unless otherwise stated. 

PhenyZiminobisdich1orophosphine.-(a) From aniline. Re- 
distilled aniline (60-0 g, 0.645 mol) was added dropwise to  
cooled vigorously stirred phosphorus trichloride (350 g ,  
2.55 mol) under dry nitrogen. Aniline hydrochloride was 
precipitated, but was not removed. The mixture was 
heated under reflux until clear (48 h), cooled to  -20", and 
filtered under nitrogen. The filtrate was concentrated to  
small bulk at 30", cooled to  -20°, and filtered t o  yield a 
second crop of crystals. The combined precipitates were 
recrystallised from PCI, under nitrogen, to give needles of 
phenyliminobisdichlorophosphine (141 g, 0.479 mol, 74% 
yield based on aniline), m.p. 47-48" (lit.," 46"). 

Finely-ground aniline 
hydrochloride (430 g ,  3.32 mol) was dissolved in refluxing 
phosphorus trichloride (1.18 kg, 8-6 mol) during 72 h. The 
solution was filtered through a sinter, excess of PCl, (650 g) 
was recovered a t  reduced pressure, and the liquor was 
cooled to yield phenyliminobisdichlorophosphine (1 5 1 g, 
1-7 mol, 51% based on PhNH,Cl), m.p. 45-46' after 
sublimation in vacuo a t  70" [Found: C, 24.7; H, 1.8; C1, 
48.3; N, 5.0% ; M ,  293 (Wl).  Calc. for C,H,C1,XP2: C, 

2915w, 1585m, 1480m, 1445w, 1195s, 1170w, 1070m, 
1025m, 925m, 895m. 875s, 860s, 740w, 692s, 671w, 658w, 
521s, 485s, and 463m cm-1. When the filtered mother 
liquor from this experiment was evaporated at  100" in 
vacuo until no further phosphorus trichloride was evolved, 
a white solid was obtained which was recrystallised from 
benzene and identified as dichlorodiphenyldiazadiphos- 
phetidine (92 g, 0.58 mol, 17% yield based on PhNH,Cl), 
n1.p. and mixed m.p. 149-151' (from PCl,). 

4-Methoxy~heny~i~ninobisdichlorophosphine.- 4-Methoxy- 
aniline hydrochloride (20.0 g, 0.125 mol) was similarly 
treated with phosphorus trichloride (100 g )  to yield pale 
pink prisms of 4-methoxyphenyliminobisdichloro~hos~hine 
(37.5 g, 0.115 mol, 92%) [Found: C, 25-5; H, 2-1; C1, 43.9; 
K, 4.4; P, 19.0%; M ,  323 (Wl).  C,H,CI,NOP, requires 

m.p. 53" (from XI,), 3020w, 2960m, 2935m, 2840m, 
2650m, 161Os, 1600m, 1585m, 1505s, 1465m, 1460m, 1380s, 
1300s, 1255s, 1205s, 1180m, 1170m, 1110m, 1040s, 1010m, 
94Os, 895s, 88Os, 795s, 715m, 640m, 609m, 541s, 515s, and 
487m crn-l. 

3-N~tro~henyliminobisdichlo~ophospJ~ine.- 3-Nitroaniline 
hydrochloride (35.0 g, 0-201 mol) was similarly treated with 
refluxing phosphorus trichloride (200 g, 1.46 mol) for 6 days 
to give pale yellow prisms of 3-nitr~henyliminobisdichloro- 
phosphine (42-3 g, 0.125 mol, 62%) [Found: C, 21.5; H, 

N,O,P, requires C, 21.2; H, 1.2; C1, 41.7; N, 8-2; P, 
18.2%; M ,  3401, m.p. 119-121O (from Pcl,), vmX. 3105w, 

27 U. Wannagat, C. Krfiger, and H. NiederprCfim, 2. anovg. 
Chem., 1962, 814, 89. 

(b) Fvom aniline hydrochlo~ide.~1 

24.4; H, 1.7; C1, 48.1; N, 4*8y0; M ,  2951, v,,, 3 0 7 0 ~ ,  

C, 25.8; H, 2.1; Cl, 43.7; N, 4-3; P, 19.0%; M ,  3251, 

1.4; C1, 41.8; N, 8.2; P, 17.7%; M ,  338 (,SCl). C,H,Cl,- 

3088w, 1610w, 1660s, 1470w, 1345s, 1310w, 1275w, 1215m, 
1160w, 109Ow, 1082w, 970m, 935m, 920s, 850s, 680s, 
562m, 503m, and 464s cm-l. 
Dichloro-(4-nitroaniEino)~hosphine.-4-Nitroaniline (69.0 

g, 0.50 mol) in dioxan (300 ml) was added slowly to phos- 
phorus trichloride (150 g, 1.09 mol) in dioxan (50 ml), with 
stirring and cooling under dry nitrogen. The mixture was 
kept at reflux for 10 min and filtered hot, and the filtrate 
was cautiously evaporated (see Discussion section) to dry- 
ness at 30" i n  vacuo. The semi-solid residue (37.5 g) was 
recrystallised from PC1, to  give dichZoro-(4-nitroanilino) - 
phosphine (22.5 g, 0-094 mol, 37%) as pink needles [Found: 

requires C, 30.1; H, 2.1; C1, 29.7%; M ,  2391, m.p. 101- 
104' (decomp.), vmx* 3240m (PI;-H str.), 3120w, 308Ow, 
3040w, 2920w, 244Ow, 1920w, 1660m, 1595s, 1630s, 1505s, 
1495s, 1395m, 1380w, 1335s, 1295m, 1240m, 11 10m, 
lolow, 915s. 850s, 765m, 750m, 690m, 660m, 532m, 492m, 
460s, and 449s cm-1. 

4-Nitro~hcnyliminobisdichlo~ophosphin.- 4-Nitroaniline 
(30-5 g, 0.221 mol) in dioxan (300 ml) was added under 
nitrogen to a well stirred dioxan solution of phosphorus 
trichloride (50.0 g, 0.365 rnol), with cooling. 4-Nitroaniline 
hydrochloride was filtered off and dry pyridine (50.0 g) 
added to the filtrate. The mixture was left, with occasional 
shaking, for 12 h, then filtered, and the filtrate was evap- 
orated to  dryness in vacuo at 20-25" to give 4-nitrophenyl- 
iminobisdichlorophosphine (1 1.6 g, 34.1 mmol, 3 1 yo) as 
pale yellow air-sensitive prisms [Found: C, 21-2; H, 1.2; 

requires C, 21.2; H, 1.2; C1, 41.8; N, 8.2; Y, 18.2%; M ,  
3401, m.p. 116-1 18" (from PCl,), v,, 3110w, 3090w, 3050w, 
284Ow, 1610m, 1590m, 1570s, 1485m, 1360m, 1340s, 
1310m, 1285w, 1215m, 116oU., 1150m, 1015w, 935% 005s, 
865m, 825m, and 720m cm-l. 
NN'-Tetvakisdichlorophosphino-p-phenylenediaMzine (VI) . 

-A fine suspension of p-phenylenediaminc (30.0 g, 0.28 
mol) in phosphorus trichloride (200 g) was kept at reflux 
for 10 days under dry nitrogen. Dry ether (200 ml) was 
added, and the supernatant liquor decanted from the lower 
layer, which was again extracted with 1 : 1 PCl,-ether. 
The combined extracts were evaporated to dryness in v a ~ u o  
at 30" t o  give the tetrakisdichlovophosphine (VI) (18.5 g, 
36.3 mmol, 13%), which crystallised from PCl, as long 
needles [Found: C, 14.7; H, 0.8; C1, 84.8%; M ,  508 
(,Tl). C,H,Cl,N2P4 requires C, 14.1; H, 0.8; C1, 55.3; 
M ,  5121, m.p. 151-152" (sealed tube), vmx. 309(hv, 192Ow, 
1510m, 149Os, 141Ow, 1345n-, 129Ow, 1275m, 1260m, 1210% 
119Os, 1110m, 1050w, 1020s, 975w, 940s, 91Os, 895s, 790% 
559s, 532m, 518s, 490s, 481s, and 461s cm-l. 

2,4-Dichloro- 1,S-diphenyE- 1,3,2,4-diazadiphosfihet idim.- 
(a) From aniline Jbydrochloride. Finely divided aniline 
hydrochloride (200 g, 1.55 mol) was dissolved in a refluxing 
soIution of phosphorus trichloride (600 g, 4.37 mol) in sym- 
tetrachloroethane (1 1) during 24 h. The solution was 
filtered hot through a glass wool plug, and evaporated to 
dryness in vacuo at up to  110"; the white residue was 
extracted with hot phosphorus trichloride (100 ml) (hot 
benzene may also be used) and chilled to -20" (5  h) to  
yield 2, 4-dichloro- 1,3-diphenyl- 1,3,2,4-diazadiphosphetidine 
(117 g, 0-372 mol, 48% yield based on PhNH,Cl) as long 
needles, m.p. 153-155" after further recrystallisations 
(lit.,* 136-137O) [Found: C, 4 5 4 ;  H, 3.4; C1, 22.8%; 

2s 0. Mjorne, Svensk kern. Tidskv. ,  1960, 82, 120 (Chem. Abs., 
1960. 44. 9342). 

C, 29.2; H, 2.1; C1, 30.0%; M ,  238 (35Cl). C,H,Cl,NaO,P 

CI, 41.5; N, 8.5; P, 1 8 * 0 ~ 0 ;  M ,  338 (35Cl). C,H4C14PU'2OaP, 
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hf, 314 ( W l ) .  Calc, for Cl,Hl,Cl,N,P2: C, 45.7; H, 3.2; 
C1, 22.5%; 11.3, 3151, v, ,~  2840m, 2585w, 1585m, 1520m, 
1495s, 1460s, 1270m, 1195w, 1095w, 1075w, 102Ow, 917% 
746s, 720111, 680s, 665w, 616w, 523m, 610m, and 423s cm-l. 

(b) Front PJienylirninobisdicJiloro~hosPhine. Freshly sub- 
limed phenyliminobisdichlorophosphine (5.83 g, 19.8 mmol) 
was refluxed in xylene (25 ml) for 24 h, and the solution was 
evaporated to dryness. The white residue was fractionally 
sublimed at up to 65" in vmuo to give a sublimate of the 
bisdichlorophosphine (1.03 g, 18% recovery), m.p. and 
mixed m.p. 4 5 4 6 " ,  and a residue which was identified 
spectroscopically (i.r.) as the dichlorodiazadiphosphetidine 
(1.61 g, 5.1 nimol, 63% based on bisdichlorophosphine 
consumed), m.p. and mixed m.p. 150-152" (from PCl,). 
In  a further experiment, the bisdichlorophosphine (15.7 g, 
53.2 mmol) was heated in a sealed, evacuated, Pyrex tube 
at 80" for 72 h, to give the bisdichlorophosphine (6.3 g, 
34% recovery) and the dichlorodiazadiphosphetidine (4.2 g, 
13.3 mmol, 75y0 yield). 

A mixture of 
phosphorus trichloride (4.02 g, 29-3 mmol) and hexamethyl- 
N-phenyldisilazane (6-56 g, 27.7 mmol) was kept for 6 days 
a t  room temperature in a sealed Pyrex tube, to give chloro- 
trimethylsilane (5.16 g, 47.5 mmol, 86% yield based on 
disilazane) identified spectroscopically (i.r.) , ancl an oily 
solid which was extracted with benzene. The extract was 
evaporated to dryness in z'acuo and the residue identified 
as the dichlorodiazadipliosyhetidine ( 1.6 g, 10.1 mmol, 
69% yield based on PCl,), m.p. and mixed m.p. 149-151" 
(from PCl,). 

2,4-Dichloro- 1,S-bis- (4-~Jdorophenyl) - 1,3,2,4-diazadiphos- 
plzetidine.-4-Chloroaniline hydrochloride (4 1.0 g, 0-25 mol) 
was treated as described for aniline hydrochloride [method 
(a)] with phosphorus trichloride (100 g) t o  give needles of 
2,4-dich loro- 1,3-bis- (4-chloropkeizyl) - 1,3,2,4-diazadiphospJiet- 
idine (23-2 g ,  60.4 mmol, 48% yield based on ArXH,Cl) 
[Found: C, 37.2; H, 2.1; C1, 37.2; N, 7.6; P, 16.0%; M ,  
382 (35Cl). Cl,H,C14N,P, requires C, 37.5; H, 2.1; C1, 
37.0; N, 7.3; P, 16.2%; it!, 3841, m.p. 165-167' (from 
PCl,), vmsa 3040w, 2930w, 1870w, 1615w, 1595m, 1580ni, 
1510m, 1490s, 1410m, 1375s, 1365m, 1345m, 1310w, 1275s' 
1260s, 1180m, 1115m, 1090m, 1010m, 960w, 920s, 810s, 
723 ,  G9Ow, 660w, 488s, 465s, and 4 2 5 ~  cm-1, 

2,4-DicJzEoro- 1,3-bis- (4-methylpheny1)- 1,3,2,4-diazadipJzos- 
phetidine.-~-Toluidine hydrochloride (36.0 g, 251 nimol) 
was similarly treated with phosphorus trichloride (100 g) 
to give 2,4-dichlovo- 1,3-bis-(kmethylphenyl)-l, 3,2,4-diazadi- 
PJzosphetidine (10.7 g, 57.8 nimol, 46% based on ArNH,Cl) 
as needles, m.p. 149-150" (from PCl,) [Found: C, 48.7; H, 
4.1; C1, 20.6; N, 8.5; P, 17.9y0; Ad, 342 (,6Cl). CI4Hl4- 
Cl,N,P, requires C, 48.9; H, 4.1; C1, 20-7; N, 8-2; P, 
18.1%; M ,  3431, v,, 3020w, 2980w, 2940w, 2910w, 2860w, 
2690w, 1880w, lGlOm, 1580m, 1515s, 1380m, 1260s, 1180w, 
1120m, 1100m, 1020m, 920s, 880s, 700m, 640w, 597w, 
546w, 512m, and 480s cm-1. 

2,4-Dichloro- 1,3-bis-(4-~nethoxy~Jzenyl)-l, 3,2,4-diazadi- 
+hosphetidine.-p-Anisidine hydrochloride (40.0 g, 0.251 
mol) was similarly treated with phosphorus trichloride 
(100 g) t o  give 2,4-dichZo~o-1,3-bis-(4-methoxy~henyl)-l,3,2,4- 
diazadiphospJzetidine (42.6 g, 0.1 14 mol, 91% based on 
ArSH,Cl) (Found: C, 44.8; H, 3-8; N, 6.9%. C14H14C1,- 
N202P2 requires C, 45.1; H, 3.75; N, 7.5%) as a palc pink 
glass. I ts  molecular weight was determined by osmometry 
(Mechrolab model 30/-4) in CCI, (Found: 11.1, 215-340. 
Calc. for C14H1,C12N202P2: M ,  375) at a concentration of 

(c) From hexamethyl-K-phenyldisilazane. 

11.4 g 1-1. Its i.r. spectrum showed bands at 3370w, 3110w, 
3070w, 3040w, 3000w, 2950w, 2930w, 2900w, 284Ow, 2640w, 
2060w, 2030m, 1870m, 1755w, 1600s, 1585m, 1500% 1460% 
1440s, 1295s, 1250s, 1200s, 1 l'iOm, 1055m, 1040s, 985% 
920m, and 870m cm-l. 

Reactions of Phenyliminobisdicliloropl~osphine.--(a) With 
hexamethyl-N-phenyldisilazane. A solution of phenyliniino- 
bisdichlorophosphine (3.05 g, 10.3 niniol) and hexamethyl- 
N-phenyldisilazane (2.6 g, 11.0 mmol) in benzene (30 ml), 
kept in a sealed Pyrex tube for 7 days a t  20-25", gave 
benzene, chlorotrimethylsilane (2.07 g, 19.1 mmol, 87%), 
identified by i,r. spectroscopy, and an  involatile solid which 
was recrystallised from PCl, to give 2,4-dichloro- 1,3-cli- 
phenyldiazadiphosphetidine ( 1.6 g, 5-1 mmol, 99yo), m.y. 
and mixed m.p. 149-151", spectroscopically identical with 
an authentic sample. 

(b) With dimethylaminotriiizetJ~ylsilaize. When dimethyl- 
aminotrimethylsilane (2 1.5 g, 0.184 mol) was added drop- 
wise to  a stirred suspension of the bisdichlorophosphine 
(27.0 g, 92 mmol) in petroleum (b.p. 30-40°), an exothermic 
reaction occurred. Refluxing was maintained for 30 niin 
after the addition was complete, the mixture was cooled, 
and volatile products and the solvent mere removed in 
racuo. Fractionation of the volatile material (6 in Vigreux 
column) gave chlorotrimethylsilane (15.4 g ,  0.142 mol, 
77 %), b.p. 58", NNN"'-tetramethylphosphorodiamidous 
chloride (1-41 g, 9.1 mmol), b.p. 30-32" at 0.1 mmHg, and 
NN-diniethylphosphoramidous dichloride (9.8 g, 67 mmol) , 
b.p. 143-146'. Recrystallisation of the involatile residue 
from benzene gave 2,4-bis(diniethylamino)-1,3-diphenyl- 
1,3,2,4-diazadiphosphetidine (IX) (6.8 g, 20.5 mmol, 45% 
based on dichlorophosphine), n1.p. 188", identified by i.r. 
comparison with an authentic sample.26 In  a further 
experiment, in which the bisdichlorophosphine (3.8 g, 13 
minol) and the dimethylaniinosilane (6.2 g, 53 mmol) were 
kept in a sealed Pyrex tube for 24 h at ambient temperature, 
fractionation of the volatile products gave hexamethyl- 
phosphonous triamide (1.5 g, 0.2 mmol), chlorotrimethyl- 
silane (4.97 g ,  45.8 nimol), and dimethylamine (0.23 g), 
and a residue which was extracted with benzene. The 
extract was evaporated and the rcsidue vacuum sublimed a t  
150" to give the dimethylaminodiazadiphosphetidine (IX) 
(1.3 g, 3.9 mmol, 60%). m.p. and mixed ni.p.,, 206-208'. 

(c) With methylamine. A mixture of methylamine 
(3.53 g, 114 mmol) and the bisdichlorophosphine (4.04 g, 
13.6 mmol) was kept in a sealed Pyrex tube for 24 h a t  
ambient temperature to give methylamine (0.71 g, 23 
mniol, 20% recovery) [Found : M (Regnault's method), 3 1. 
Calc. for CH5N: M ,  311 and an involatile residue which was 
extracted with anhydrous ether. The ether-insoluble 
residue was shown t o  be methylamine hydrochloride 
(3.52 g, 52 mmol) by i.r. spectroscopy. The ether extract 
was evaporated to  dryness in  vaczto, and the residue frac- 
tionally sublimed at 20-25" and 0.1 nimHg to give aniline 
and, at 60" and 0.1 mmHg, phosphorus tri-N-methylimide 
(11) (1.2 g, 4.0 mmol; 59% based on bisdichlorophosphine) 
[Found: C, 24.1; H, 6.3; N, 28.0; P, 41.5y0; M (Mechro- 
lab, in benzene), 278. Calc. for C,H,,N,P,: C, 24.2; H, 
6-1; N, 28.2; P, 41.6%; M ,  2981, m.p. 122-123O (lit,,ls 
122-123"), identified spectroscopically.~5 

The bis- 
dichlorophosphine (21.2 g, 72 mmol) and anhydrous caesiuni 
fluoride (43-8 g, 0.29 mol) were stirred at 170" in tetrahydro- 
thiophen dioxide (35 ml) for 4 11. Distillation gave phos- 
phorus trifluoridc (5.46 g, 62 mmol) [Found: M (Regnault's 

(d) Attempted synthesis of the flzcoro-analogue, 
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method), 87. Calc. for PF,: M ,  871, phosphorus trichloride 
(8.4 g, 61 mmol), aniline (2-1 g, 23 mmol), the solvent, and a 
black solid residue from which pure material could not be 

36 mmol) was distilled with finely divided antimony tri- 
fluoride (8.65 g ,  49 mmol), only phosphorus trifluoride 

(4.15 g, 42 mmol) was isolated; 
resinous residue was not examined further. 

a black, evil-smelling 

isolated. Similarly, when the bisdichlorophosphine (10.7 g, by the Of for part Of this 
is 
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