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Formation of Cyclophosph(iii)aranes and their Oxo- and Thioxo-deriv- 
at ives 
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Sussex, Brighton, Sussex BN1 9QJ 
Rodney Keat," and Leslie Stobbs, Chemistry Department, University of Glasgow, Glasgow G12 8QQ 

The reactions of phosphorus trichloride with three molar equivalents of methylamine and ethylamine give bis- 
(dich1orophosphino)amines (CI,P),N R (R = Me and Et), and with isopropylamine and t-butylamine, cyclodi- 
phosph(l1l)azanes. (CIPNR), (R = Pr' and But) are obtained as major products. There i s  mass spectroscopic 
evidence for the cyclophosph(lli)azanes, (CIPNEt),, (n = 2 or 3) in the products from the reaction with ethylamine, 
but these compounds have not been obtained pure. Several other potential routes to N-methylcyclophosph( 111) - 
azanes were examined, including the reaction of phosphorus trichloride or of bis(dichlorophosphino)methylamine, 
(CI,P) ,N Me, with heptamethyldisilazane, (Me,Si),N Me, which gave the dichlorophosphinamines, CI,P*NMe*- 
SiMe,, (CI,P),NMe, and the cage compound P4(NMe)6, but no cornpounds of the type (CIPNMe), were obtained. 
Similarly, dichloroarylphosphines and heptarnethyldisilazane gave the phosphinamines, CIArP*NMe*SiMe, and 
(CIArP),NMe (Ar = Ph or C6H4-p-Me). m-Chioroaniline hydrochloride reacts with phosphorus trichloride 
affording (CI,P),NC,H,~m-CI, which with SbF, produces (F,P),NC6H4-m-CI. (CI,P),NPh and the analogous 
fluoride were obtained similarty. The cyclodiphosph(lll)azanes, (CIPNR), (R = Pr' or But), gave monoxides and 
monsulphides containing PIr1 and Py atoms within the ring system, on reaction with dimethyl sulphoxide and 
elemental sulphur respectively. Oxothioxocyclodiphosphazanes were obtained by a related route. The l H  and 
31P n.m.r. spectra of these compounds are reported and discussed. 

FEW examples of tervalent phosphorus-nitrogen ring 
compounds [cyclophosph(~~~)azanes], based on struc- 
tures (I) ,  (2), and (3) have been reported,l and 

c1 CI  R 

only one of these, (1; R = But), has been fully 
authenticated.2 In contrast, many examples of 
the analogous phosphorus(v)-nitrogen compounds 
are known,l most of which contain a four-membered 
ring system. A very early report by Michaelis of the 
formation of a cyclodiphosph(1rI)azane (1; R = Ph) 
from the reaction between aniline hydrochloride and 
PCl, was not substantiated in later work by Goldschmidt 
and Krauss4 who identified the product as NN-bis- 
(dichlorophosphino)aniline, (Cl,P),NPh. We confirm 
the latter findings and have also obtained NN-bis- 
(dich1orophosphino)-m-chloroaniline using this method. 
Fluorination of these chloro-compounds with antimony 
trifluoride affords the corresponding fluoro-compounds, 
(F,P),NR (R = Ph or m-ClC,H,), whose identity has 
been unequivocally established by 31P and 19F n.m.r. 
s t u d i e ~ . ~  

The formation of four-membered ring systems related 
to (1) has been reported when phosphorus trichloride 
reacts with an excess of various primary a m i n e ~ . ~ ? ~ , ~  
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Abel et aZ.8 reported that (1 ; R = Me) as well as (2 and 
3; R = Et); could be isolated from the reactions of 
phosphorus tricliloride with disilazanes : 

nPCl, + nRN(SiRle,), (CLPNR), + 2n Me,SiCl 
[n = 2, R = Me; TZ = 3 or 4, R = Et] 

It  has also been shown from recent work2 that (1; 
R = But) may be obtained by the two routes: 

BunLi E1.l 
But-NHSiMe, - But*NLi*SiMe, - 

--BunH -LiCl-Me,SiCl + (CIPNBut) 
Et3N 

or ButNH*PCl, ____t &(CIPNBut), 
-HCl 

The elucidation of the crystal structure of (1 ; R = But) 
and the synthesis lo of its difluoride leave no doubt as to 
its identity. 

We have attempted to repeat the preparation of (1; 
R = Me) by the reaction of heptamethyldisilazane with 
phosphorus trichloride. If the reaction is carried out at 
ca. 0 "C and warmed to room temperature only one of the 
silicon-nitrogen bonds is cleaved : 

PCl, + (Me,Si),NMe + CGP*NMe*SiMe, + Me,SiCl 

Good analytical data were not obtained for this deriva- 
tive because of its thermal instability, but it was 
characterised as the difluoride F,P*NMe*SiMe, : 

SCl,P*NMe*SiMe, + ZSbF, + 
SF,P*NMe.SiMe, + 2SbC1, 

which is more conveniently obtainedU by reaction of 
heptamethyldisilazane with chlorodifluorophosphine : 

(Me,Si),NMe + F2PC1 --w F,P*NMe*SiMe, + Me,SiCl 
7 H. W. Grimmel, A. Guenther, and J. F. Morgan, J .  Amev. 

8 E. W. Abel, D. A. Armitage, and G. R. Willey. J .  Chem. 

9 I<. W. Muir and J. F. Nixon, Chew. Comnm., 1971, 1405. 
lo J. F. Nixon and B. Wilkins, 2. Naturforsch., 1970, 25B, 649. 
11 J. S. Harman, M. E. McCartney, and D. W. A. Sharp, 

Chew. SOC., 1946, 68, 539. 

SOC., 1965, 57. 
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The formation of the dichloride parallels previous observ- 
ations that hexamethyldisilazane gives an unstable 
white solid with phosphorus trichloride formulated 
Cl,P*NH*SiMe,. Further reaction with phosphorus tri- 
chloride is relatively slow, consistent with the reaction 
being initiated by nucleophilic attack of the weakly 
basic nitrogen atom on phosphorus, and provides a new 
synthetic route to a known l3 series of acyclic bis(di- 
chlorophosphino) amines : 

Cl,P*NMe*SiMe, + PCl, + (Cl,P),NMe + Me,SiCl 

In no case was any evidence obtained l4 for the formation 
of substantial quantities of (1; R = Me), although a 
number of unidentified minor products were indicated 
from the 3lP n.m.r. spectra of reaction mixtures. Analo- 
gous reactions could be carried out with aryldichloro- 
phosphines, where the intermediates were more thermally 
stable and could be purified by distillation. 

lH and 31P N.m.r. spectroscopy showed that the di- 
(phosphino)amines were obtained as a mixture of meso- 
and &-isomers, although they were not identified. 

Several possible alternative routes (a)-(f) to N- 
methylcyclophosphazanes based on structures (1) and 
(Z), were examined, but no evidence for their formation 
was obtained. 
(a) The major product from the reaction of phos- 

phorus trichloride with methylamine was bis(dich1oro- 
phosphino)methylamine, (C1,P),NMe,13 obtained in about 
15% yield. 

(b) The pyrolysis of dichlorophosphino (trimethylsily1)- 
methylamine , Cl,P*NMe*SiMe,, gave a mixture of several 
products, all of which were in quantities too small for 
isolation, except bis(dichlorophosphino)methylamine, 
which was identified by lH and 3lP n.m,r. Trimethyl- 
silyl chloride was eliminated, but there was no evidence 
that cyclophosph(II1)azanes were produced. 

(c) The reaction between bis(dich1orophosphino)- 
methylamine and heptamethyldisilazane occurred readily 
a t  ambient temperatures to afford high yields of tri- 
methylchlorosilane and the ' cage ' aminophosphine 
tetraphosphorus heximide, P4(NMe),,15 rather than (1 ; 
R = Me). 

(d)  Attempts to effect dehydrofluorination of 
MeNHPF,16 using CsF or Me,N gave small amounts of 
PF3 and (F,P),NMe as the only identifiable products. 

(e) A mixture of PCl, and P,(NMe)6 equilibrated for 
two days at  room temperature showed evidence (lH 
n.m.r.) of the formation of small amounts of (Cl,P),NMe. 
Similarly, heating P,(NMe), with a large excess of 
produced trace amounts of (PF,),NMe. 
(f) Although dimethylaminotrimetliylstannane and 

trifluorophosphine readily react to produce high yields 
of difluorodimethylaminophosphine , the corresponding 
reaction using (Me3Sn),NR (R = Me or Et) afforded 
Me,SnF even at  -130" but no ring compounds could be 

12 M. Becke-Goehring and H. Krill, Chew. Bey.,  1961, 94, 1059. 
l3 J. F. Nixon, J .  Chem. SOC. ( A ) ,  1968, 2689. 
I4 R. Jefferson, J. F. Nixon, and T. M. Painter, Chrnz. Comm., 

1969, 622. 

isolated. It is interesting to note that Sclimutzler l7 
observed no reaction between PF, and (Ne,Si),NMe. 

The reaction of phosphorus trichloride with three 
molar equivalents of ethylamine follows a course generally 
similar to  that with methylamine, in that bis(dich1oro- 
phosphino)ethylamine, (Cl,P),NEt, was the major 
product. However, a second fraction with a higher 
boiling point was obtained on distillation of the reaction 
products, whose mass spectrum showed ions corre- 
sponding to  (1; R = Et) and (2; R = Et), with the 
latter predominating. Unfortunately, attempts to  purify 
this mixture further (purity examined by 3lP n.m.r.) 
were unsuccessful. The lH n.m.r. spectrum of this 
fraction was too complex to be informative, even after 
spin-decoupling of the methyl-protons. Analogous re- 
actions with isopropylamine and with t-butylamine 
differed from those with methylamine and ethylamine 
in that compounds of structure (1) were obtained, which 
could readily be purified by distillation under reduced 
pressure. This route is more convenient than that pre- 
viously reported for the t-butyl-derivative. Examin- 
ation of the products from the reaction with t-butyl- 
amine by 31P n.m.r. showed that a third compound was 
present in addit ion to  the t-butylamino-derivative, 
C1,P*NHBut, and (1; R = But). This compound was 
exclusively formed when phosphorus trichloride was 
treated with four molar equivalents of t-butylamine. 
Elemental analysis and the presence of two doublets of 
equal separation and intensity in its 3lP spectrum con- 
firmed the presence of a t-butylamino-derivative of (1 ; 
R = But), whose formation may be expressed: 

CL 

I 

NHBJ 

The final aminolysis product is therefore the di-t-butyl- 
amino-derivative , ( ButNHPNBut) 2, as shown by Holmes 
and Forstner.6 

The fact that the reaction of phosphorus trichloride 
with methylamine and etliylamine largely produces bis- 
(dichlorophosphino)amines, (Cl,P),NR, whereas with iso- 
propylamine and t-butylamine cyclodiphosph(1Ir)azanes 
(1) are the major products, suggests important differences 
in the mechanisms of condensation. Since dichloro- 
(t-buty1amino)phosphine is known to condense in the 
presence of triethylamine (and, presumably, t-butyl- 
amine), we surmise that the condensation proceeds via 
an acyclic derivative of the type, C1,P*NBut-PC1.- 
NHBut, and that this intermediate undergoes extremely 
ready cyclisation. Evidence for this comes from the 
observation that yields of (1; R = But) are generally 
comparable with those of dichloro(t-buty1amino)phos- 
phine, even in reactions with two molar equivalents of 

l5 R. K. Holmesand J .  A. Forstner, J .  Anzev. Chem. SOC., 196J, 

l6 C. G. Barlow, R. Jefferson, and J. I?. Nixon, j. Chewz. SOC. 

l7 R. Schmutzler, C h c m .  Coiiznz., 1965, 19. 

83, 1334. 

(L4) ,  1968, 2602. 
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t-butylamine (leaving other unidentified materials 
precipitated with t-butylamine hydrochloride). It may 
also be noted that acyclic diphosph(11I)azanes of the 
type Cl,P*NR*PCl*NHR, might be expected to undergo 
ready base induced cyclisation if their behaviour re- 
sembles that of the analogous diphosph(v)azanes, 
C1,P (0) *N R P  (0) C1-NHR' : 

[R = R = Me or Ph (ref. 18) ; R = Me, R' = But (ref. 19)] 

The isolation of bis(dichlorophosphino)amines, (C12P)2- 
NR (R = Me or Et) suggests that self-condensation of 
the amino-derivatives, C1,P-NHMe and Cl,P*NHEt is not 
an important step. Diphosph(m)azanes, Cl,P*NR*- 
PCloNHR, may be formed in subsequent aminolysis 
steps to give as yet unidentified products when R = Me, 
or (ClPNEt),, and indeed, they may be more reactive 
than bis(dich1orophosphino)amines to aminolysis. A 
directive factor in the cyclisation of an intermediate of 
the type Cl,P*NR*PCl*NHR, may well be the presence 
of relatively bulky R-substituents because of their 
ability to reduce the angles of the bonds at  the nitrogen 
atoms and so lower the energy of activation for the form- 

ation of a four membered ring system [cf. P-N-P = 
97.3(4)' in (1; R = But)g]. Such an effect would also 
be of account when the absence of the cage molecules, 
P,(NR), (R = Pri or But), is considered. 

The isopropyl- and t-butyl-cyclodipliosph(II1)azanes of 
structure (1) underwent partial oxidation by dimethyl 
sulphoxide20 and by elemental sulphur t o  give a new 
class of cyclodiphosphazane (4) and (5 ) ,  containing 
tervalent and quinquivalent phosphorus atoms : 

A 

CI 
P 

(CIPNR), -I- Me2S0 - RN' 'NR+ Me2S 
'P' 

OH 'CI 
( 4 )  

Both (4) and (5) were sufficiently thermally stable that 
purification could be achieved by vacuum distillation, 

18 V. P. Kukhar', J .  Gext. Chem. U.S.S.R., 1970, 40, 761. 
l9 R. Keat, unpublished results. 
20 E. H. Amonoo-Neizer, S. K. Ray, R. A. Shaw, and B. C. 

Smith, J .  Chem. SOC., 1965, 4296. 
M. X I .  Crutchfield, C. H. Dungan, J .  H. Letcher, V. Mark, 

and J. R. Van Wazer, ' Topics in Phosphorus Chemistry,' 1967, 
5, 272-279. 

22 K. Keat, J .  Chem. SOC. ( A ) ,  1970, 2732. 

although the higher temperatures required to  effect 
sulphuration may also effect isomerisation (Table). 
Compounds of type (5) underwent ready reaction with 
dimethyl sulphoxide to give the oxide-sulphides (6) , of 
which both isopropyl and t-butyl-derivatives were ob- 
tained as a mixture of geometrical isomers. 

CI  o\ /C' 

S"CI 

RN "'NR +MezSO - RN/'\NR >P' 

Compounds (1)-(6) were most conveniently identified 
by their lH and 3lP n.m.r. spectra (Table). The terva- 
lent phosphorus compounds displayed characteristic 
low-field 31P shifts relative to  phosphoric acid; those 
of the cyclodiphosph(I11)azaiies (1) were to low field of 
all other phosphorus(II1)-nitrogen compounds.21 The 
phosphorus(v) shifts were in the ranges expected. The 
fact that the PV-N-PV coupling constants exceed those 
involving the PV-N-PIII grouping (R = B U ~ )  may be 
contrasted with the situation in acyclic analogues where 
the converse is true.22 Significantly different coupling 
constants were obtained for the geometrical isomers of 
(6; R = But). 

A feature of the coupling constants involving phos- 
phorus and protons is that both three and four bond 
couplings, 3J(PNCH) and 4J(I"CCH) respectively, are 
larger when a phosphorus nucleus in a phosphoryl- 
moiety is involved than one in a thiophosphoryl-moiety. 
Again the reverse order obtains in most acyclic phos- 
phorus compounds 23 and, indeed, in cyclodiphosph(v)- 
azanes with smaller alkyl-groups, [ClP(O)NR], and 
(ClP(S)NR), (R = hle or Et).24325 

It was recently shown 26 that lH  n.m.r. spectroscopy 
could be used to assign structures to  cyclodiphosph(v)- 
azanes with N-ethyl-substituents. In the same way it 
may be predicted that the lH methyl signals within the 
isopropyl groups will be nonequivalent in the case of a 
tuans-structure for (1; R = Pri), which contains a centre 
of symmetry, but equivalent in the cis-isomer which 
would have a plane of symmetry (assuming a planar 
ring in both cases). The fact that only one methyl signal 
is detected in the lH  n.m.r. spectrum of (1; R = Pri) is 
consistent with, although not conclusive evidence for, 
its having a cis-structure like that of (1; R = But).g 
Neither geometrical isomer in compounds (4)-(6) 
contains a plane or a centre of symmetry and this is 
reflected in the nonequivalence of the methyl signals in 
(4) and (5). In (6) the presence of two isomers is indi- 
cated in the lH n.m.r. spectrum, and their presence makes 

23 J. F. Nixon and R. Schmutzler, Spectrochim. Acta, 1966, 22, 
565; R. Keat and R. A. Shaw, J .  Chem. SOC. (L4), 1968, 703. 

24 R. Keat, J.C.S. Dalton, 1972, 2189. 
25 M. Green, R. N. Haszeldine, and G. S. A. Hopkins, J .  Chew. 

26 C. D. Flint, E. H. M. Ibrahim, R. A. Shaw, B. C. Smith, 
SOC. ( A ) ,  1966, 1766. 

and C. D. Thakur, J .  Chem. SOC. ( A ) ,  1971, 3513. 
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the measurement of 2J(PNP) in the 31P n.m.r. spectrum 
ambiguous. We have yet to  distinguish between the 
geometrical isomers possible for structures (4)-(6). 

EXPERIMENTAL 

Solvents were dried by conventional means. Phos- 
phorus trichloride and aryldichlorophosphines were re- 
distilled before use. Anhydrous amines, obtained com- 
mercially, were used without further purification. Hepta- 
methyldisilazane was prepared as described in the litera- 
t ~ r e . , ~  All experiments were carried out under a flush 

Compound 
C1,P*NLMe-SiMe3 

F,PN&XeSiMe, 

(CI,P),NMe 

CIPhP-NMe. SiMe, 
(CIPhP) ,NMe 

Cl(Me-p-C,H,) P*NMe*SiMe, 
[Cl(Me-$-C,H,)] ,NMe 

(C1,P) ,NEt 
(CIPNEt) , 
(1; R = Pri) 
(4; R = Pr') 

(5; R = Pri) 

(6; R = Pri) 

C1,PNHBut 
(1; R = But) 

'4 (IUMe) 6 

B ~ ~ ~ . P c ~ . N B ~ ~ . ~ . N H B ~ ~  

(4; R = But) 

(8; R = But) 

(6; R = But) 

31P Shift 5 9 )  

- 172.8 

+69d 

- 160.8 

- 135.9 
- 135.8, 
- 137.8 
- 134.4 
- 137.7, 
- 139.7 
- 162.5 
-136 or 
- 129 
- 222.5 
- 133.6, 
-11.3 
- 133.4, 
- 53.4 
-39.1, 

3-2.7 
- 164.0 
-210.9 

- 199.0 

- 138.2 
(P-NHBut) 
- 132.4, 

- 146.9, 
-61.1 
- 36.0, + 4.35 
- 36.5, 
5- 3.6' 

(P-Cl) I 

- 6.2 

and that a t  0" containing a colourless liquid identified as 
dichlorophosphino(trimethylsilyl)methylarnine (5.1 g, 86%), 
m.p. -15 to -17" [Found: M(mass spectrum), 204. 
C,H,,Cl,NPSi requires M ,  2041. Satisfactory elemental 
analyses were not obtained for this compound because of 
its tendency to evolve trimethylsilyl chloride at  ambient 
temperatures, but further characterisation was achieved by 
reaction with antimony trifluoride as previously described 
for bis(dich1orophosphino)methylamine l3 to give difiuoro- 
phosphino( trirnethylsily1)PnethyZarnine (38 %) , vapour pres- 
sure 6 mmHg at  20 "C [Found: C, 28.4; H, 7.1; M (mass 
spectrum), 17 1.  C,H,,F,NPS irequires C, 28.0 ; H, 7.0% ; 

lH and 31P N.m.r. data 
3J(P-N-C-H) / *J(P-N-C-C-H) / 3J(H-C-C-H) / 

Hz Hz Hz 
2J(p-N-n 1 

Hz a-CHo P-CHblc 
2-84 0.22 (SiMe,) 6-7 2.9 

(P-N-Si-C-H) 
2-58 0.23 (SiMe,) 6-0 2.0 

(P-N-Si-C-H) * 
3.38 3.0 

2-88 16.5 
2-40 0.29 (SiMe,) 6.8 1.8 
2.36, 3.3, 3.9 
2.40 
2.22 0.22 (SiMe,) 3.1 2.0 

3.93 1.53 
ca. 3.5 1.40 

5.8 

3.58 1.30 6.5 0.9 
< 3  3.72 1-36', 1-42l < 3  (PIIT) < 0.5 

15 (PO) 

12.5 (PS) 
3.7 3.80 1-40', 1 ~ 4 6 ~  < 3  (PIII) <0.5, 1.0 

ca. 3.8 1-51', 1.532 15 (PO) 1.0, <0.4 
10.5 (PS) 

1-35 2-7 (2-2) 
1.34 1.0 (1.0) 

45 1.36 (NHBut) 
1-37 (NBut) 

1.4 (NHBut) 0-7, 
1.3 (NBut) 

23 1*48j, 1*501 1.2, 1.0 

17 1-54 0.7, 0-3 

46 1.63 0.9 

37 1.70 0.6 

7-0 

6.2 
6.2 

6.6 

a In  p.p.m. relative t o  external 86% H3P0, as neat samples or in CH,CI, solution (solids) at 33 "C. 

I9F Shift in p.p.m. from internal CCI,F, J(PF) 1208 Hz. 

6 Superscripts indicate 
C 1H Shifts in p.p.m. downfield relative to  internal Me,Si in CC1, solution at 33" (there was no reaction between 

* Value in parentheses 
relative intensities. 
CC1, and PIIIcompounds at this temperature). 
from ref. 2. * 4J (F-P-N-C-H) 1-8 Hz. 

of dry nitrogen. lH N.m.r. spectra were obtained at 60 
MHz on Varian A 60, T 60, or Perkin-Elmer R 10 spectro- 
meters, and a t  100 MHz on a Varian HA 100. 19F and slP 
N.m.r. spectra were obtained on the R 10 at  56.4 and 24.3 
MHz respectively. Mass spectra were obtained on an 
A.E.I. MS 12 spectrometer. 

Attewpted Preparations of Methylcycloprcosph(III) azanes.- 
(a) From phosphorus trichloride and hefitamethyldisilazane. 
Phosphorus trichloride (4.6 g, 0.030 mol) was added drop- 
wise to heptamethyldisilazane (5.3 g, 0.030 mol), which was 
stirred at ca. 0 "C. The reaction flask was connected to a 
vacuum manifold via traps a t  0 and -78". After 1 h most 
of the contents of the reaction flask were transferred to the 
traps with that a t  - 78' containing trimethylsilyl chloride 

M ,  17 11. In a similar reaction, phosphorus trichloride and 
heptamethyldisilazane were mixed in a 3 :  1 molar ratio 
and the mixture boiled under reflux (48 h). Removal of 
trimethylsilyl chloride and phosphorus trichloride left a 
colourless liquid which was distilled under reduced pressure 
giving bis(dich1orophosphino)methylamine (84%), b.p. 38- 
40°, 0.1 mmHg with IH n.m.r. and i.r. data identical to that 
previously recorded.13 No direct evidence for the form- 
ation of cyclophosph(1n)azanes was obtained, but the slP 
n.m.r. spectra of the products indicated the presence of 
minor unidentified tervalent phosphorus compounds a t  
- 138 and - 158 p.p.m. 

L. Birkofer and G. Schmidtberg, Chent. B e y . ,  1971, 104, 
3831. 
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(b) From the fiyrolysis of dickloroph.os~htino(trimethylsiZy1) - 
methylamine. Dichlorophosphino (trimetliylsilyl) me t hyl- 
amine was heated a t  130" for 24 h in a sealed tube. The 
volatile products were removed in vacuo and the residue 
examined by n.m.r. Signals were observed a t  - 161, 
- 158, 156.5, -131, and -101 p.p.m. in ca. 20 : 1 : 1 : 3 : 
2 : 6 intensity ratio respectively, but only that a t  - 161 
p.p.m. has been identified as bis(dichlorop1iosphino)- 
methylamine. 

(c) From phosphorus trichlordde and inethylamine. 
Methylamine (9.3 g, 0.30 mol) in ether (50 ml) was added 
dropwise to a stirred solution of phosphorus trichloride 
(13-8 g, 0.10 mol) in cther (250 ml) at -78". When the 
addition was complete, the mixture was allowed to come to 
room temperature and the precipitate removed. Ether was 
removed from the filtrate (rotary evaporator) leaving a 
colourless oil which rapidly deposited methylamine hydro- 
chloride. This slush-like residue was extracted with ether 
(50 ml) and the contents of the extract examined by 31P 
n.m.r. The major product was bis(dich1orophosphino)- 
methylamine (CZ. 15%, but >SOY0 of the reaction products 
examined) with identical lH and 31P n.m.r. parameters to 
an authentic sample. The presence of minor unidentified 
products was indicated in the 31P spectrum a t  -178.5, 
-173, -161, - 159, and -136 p.p.m. 

(d) Froin IzeptanaetJAyldisilazane and bis(dichloro$kos- 
ibhi7zo)rnethylamine. Heptamethyldisilazaiie (16.0 g, 0.1 15 
mol), and bis(dichlorophosp1iino)methylamine (9.3 g, 
0.040 mol) in light petroleum (b.p. 100-120") were mixed 
in the cold. Distillation of the volatile products afforded 
solvent, triniethylchlorosilane (14.5 g, 0-134 mol) 83%, 
unreacted disilazane (2.0 g), and P,(NMe), (6.5 g, purified 
by sublimation). 

Reaction between Dimethylarninotrimethylstannane and Tri- 
fluorop~zosplLine.-Diniethylaminotrimethylstannane ( 1.57 
g, 0-00754 mol) and trifluorophosphine (2.07 g, 0.0235 mol) 
were sealed off in a Pyrex glass ampoule (ca. 90 ml volume) 
and slowly warmed from -78" to room temperature over- 
night to afford a white solid. The mixture was then 
heated at 60" for 1 h and the products separated in the high 
vacuum line to afford PF, (1-47 g, 0.0167 mol) and di- 
fluoroclimethylaiiiinophosphine (0.83 g, 0.0074 mol) 97.774, 
identified by its molecular weight and i.r. spectrum. The 
solid Me,SnF residue weighed 1-27 g (92%). 

Reaction between Phosphorus Trichloride and m-Chloro- 
aniline Hydroch1oyide.-A mixture of phosphorus trichloride 
(75 g, 0-55 niol) and rn-chloroaniline hydrochloride (24 g, 
0.15 mol) was refluxed for 40 h, cooled, and filtered to yield 
after concentration a t  - 78" sticky crystals of slightly 
impure NN-(bis(dichlorophospAine)-m-chloroanili?ze, m.p. 
57-60" (decomp.) (28 g, 0.09 mol), 56% [Found: C, 24.7; 
H, 1-2; N, 4-25. C,H,Cl,NP, requires C, 21-9; H, 2.05; 
S, 4-65y0]. 

Flwrinat ion of Bis(dichlorophosphino)-m-chloroaniline 
xiitk Antimony Tri9uoride.-Bis(dich1orophosphino)-m- 
chloroaniline (7-0 g) was refluxed with antimony tnfluoride 
(10.0 g) in dry pentane solution for Q h. The pentane 
layer was decanted, the solvent removed, and the residue 
distilled under reduced pressure to give NN-bis(di@oro- 
~hosphino)-m-chZoroaniline as a colourless liquid (with an 
obnoxious smell) (3.0 g), 54%, b.p. 50", 10 mmHg [Found: 
C,, 27.4; H, 1.7; N, 4.7. C,HpC1F4NP, requires C, 27-3; 
H, 1.5; N, 5-3y0]. 

In a similar fashion the colourless liquid NN-bis(difluoro- 
plzospJiiPio)aniline, b.p. 41", 10 mmHg, was obtained from 

bis(dich1orophosphino)aniline [Found : C, 31.8 ; H, 2.4. 
C,H,F,NP, requires C, 31.5; H, 2-2%]. 

Reactions of Heptamethyldisilazane with A ryldichloroplios- 
phines.-Dichlorophenylphosphine (4-6 g, 0-026 mol) was 
added to heptamethyldisilazane (4-5 g, 0.026 mol) a t  am- 
bient temperatures and the mixture was heated a t  ca. 80" 
for 1 h. Trimethylsilyl chloride was evolved and the residue 
distilled under reduced pressure to give N-[chZoro(phenyl)- 
phosplzino]-N-(trimethylsilyl)nzethylamine (4-2 g, 67 %) , b.p. 
78-80", 0.02 mmHg [Found: C, 48.8; H, 7.0. CIoH,,- 
ClNPSi requires C, 49.1; H, 7-0y0]. Reaction of hepta- 
methyldisilazane with two molar equivalents of clichloro- 
phenylphosphine at  140" for 2 11 gave an oily residue which 
was distilled under reduced pressure to give NN-bis- 
[chloro(phenyl)phosphino]niethylamine (63%), b.p. 158", 0.1 
mmHg, as a 1 : 1 mixture of ineso and f-diastereoisomers. 
Satisfactory analytical data was not obtained for these 
derivatives, although the lH and 31P n.m.r. data are con- 
sistent with this formulation. Similar reactions of hepta- 
methyldisilazane with dicliloro-(p-toly1)phosphine gave 
N-[chloro (p-tolyl)pJ~osplri.rao] -N- (trimethylsilyl) naetlzylamine 
(73%), b.p. 88", 0.001 mmHg [Found: C, 50.9; H, 7.4; C1, 
13.7; N, 5.2. C,,H,,ClNPSi requires C, 50.9; H, 7.3; 
C1, 13-7; N, 5.4yoJ and NN-bis[cJ~loro(p-tolyl)phosp~~i~~o]- 
methylamine (62y0), b.p. 160-165", 0.1 mmHg [Found: C, 
52-2; H, 5-3; N, 3-9. C,,H,,Cl,NP requires C, 52-3; H, 
4.9; N, 4-1y0] as a mixture of diastereoisomers. S o  
evidence for the formation of P-phenylcyclophosph(1n)- 
azanes in these reactions R ~ S  obtained. 

Reactions of Phosphorus Tifich.loride with Three Molnv 
Equivalents of Other Primary A~nines.-(a) With ethylamine. 
Ethylamine (38.8 g, 0.860 mol) was added dropwise to a 
stirred solution of phosphorus tricliloride (39-5 g, 0.257 niol) 
in ether (600 ml) a t  -78". The mixture was brought to 
room temperature, filtered, and the filtrate reduced in 
volume to ca. 100 nil. This concentrate deposited more 
ethylamine hydrochloride on standing ( 1 h) which was 
filtered off and the ether evaporated from the filtrate leaving 
a colourless oil. The oil was distilled under reduced pres- 
sure giving NN-[bis(dichlorophosphino)]ethylamine (8-4 g, 
28%), b.p. 4 8 - 4 0 " ,  0.1 mmHg, identified by comparison of 
its 1H n.ni.r. and i.r. spectra with that of an authentic 
~aiiip1e.l~ A second fraction (4.1 g) ,  b.p. 120-130", 0.1 
mmHg, was also obtained, but its spectrum showed three 
signals a t  -136, -129, and -103 p.p.m. in an approxi- 
mately 5 : 2 : 1 intensity ratio respectively. The mass 
spectrum of this mixture showed ions a t  rnfe 218 and 
327, with characteristic two and three chlorine isotope 
patterns respectively. These are indicative of the presence 
of 1,3-diethyl-2,4-dichlovacyclod~~~zos~~~(111)azane (C4HlOa5C1,- 
N,P, requires M ,  2 18) and 1,3,5-t~iethyl-2,4,6-trichZovoc;)~clo- 
triphosPh(I1I)azane (C,H1535C1,N,P, requires M ,  327). 

(b) W i t h  isopropylamine and t-butylamine. Reactions 
with these amines were carried o u t  in a manner similar to 
that employed for ethylarnine. Distillation of the products 
from the reaction with isopropylamine gave traces of a 
liquid, b.p. ca. 25", 0.1 mmHg, possibly dichloro(isopropy1)- 
aminophosphine, and a major fraction identified as 1,3-di- 
isopropyl-2,4-ddchZoro~~~~lodiphos~h (111) mane (32 yo), b .p. 60- 
62", 0-1 mmHg [Found: C, 29-2; H, 5.6; M (East), 263; 
M (mass spectrum), 247. C,H,,Cl,N,P, requires C, 29.1; 
H, 5.7; M ,  2472. The n.m.r. spectrum of the reaction 
products showed that other minor products were present at 
-170, -158.5, and - 156 p.p.m. in ca. 1 : 2 : 2 intensity 
ratio respectively. A similar reaction with t-butylamine 
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gave traces of dichloro(t-butyl)aminodichlorophosphine 
b.p. ca. 30", 0.1 mmHg (lit.,2 b.p. 53-58', 6 mmHg), and 
1,3-di-t-butyl-2-cis-4-dichlorocyclodipliosph( 111) azane 38 yo) , 
b.p. 95", 0.1 mmHg, m.p. 40-42" (lit.,2 n1.p. 42-44') 
[Found : M (mass spectrum), 274. C8H,,35Cl,N2P, re- 
quires 171, 2743. The 31P spectrum of the reaction products 
indicated that a third compound with signals centred a t  
- 199 and - 138 p.p.m. was present. This compound was 
formed esclusively from the reaction of phosphorus tri- 
chloride with four molar equivalents of t-butylamine under 
the conditions described above. Recrystallisation of the 
solid product from light petroleum (b.p. 40-60°) gave 
crystals of 1,3-di-t-butyZ-2-chlo~o-4-t-bzttylaminocyclodi- 
pkosplz(I1I)azane (680,&), m.p. 68-70" [Found: C, 45.8; H, 
9.2. C,,H,,ClS,P, requires C, 46.3; H, 9.0%]. 

Oxidation of Cyclodip J~osph (111) axanes.-(a) By din? ethyl 
sulfihoxide. Jlinzethyl sulphoxide (0.95 Q, 0.012 mol) in 
rnethylene chloride (6  ml) was added dropwise to  a stirred 
solution of 1 , 3-di-isopropyl-2,4-dichlorocyclodiphosph(111)- 
azane (3-0 g, 0.012 mol) in methylene chloride (10 ml) at 
-78". When the addition was complete, the mixture was 
allowed to come t o  ambient temperature and the solvent 
and dimethyl sulphide were evaporated under reduced 
pressure. The oily residue was distilled under reduced 
pressure to give 1,3-di-isop~oPyl- 2,4-dicJzloro-2-oxocycEodi- 
phosphazane (2.4 g, '75%), b.p. 70-72", 0.1 mmHg [Found: 
C, 27.2; H, 5.3; M (mass spectrum), 263. C,H1,Cl2N,OP, 
requires C, 27.4; H, 5.3%; ilf, 2631. A similar reaction of 
dimethyl sulphoxide with 1 , 3-di-t-butyl-2,4-dichlorocyclodi- 
phosph(rI1) azane gave 1 , 3-di-t-buty Z- 2 , 4-dichloro-Z-oxocyclo- 
diphosfihazane (86%), b.p. 9O-95OJ 0.1 mmHg [Found: C, 
33.2; H, 6.0; C1, 24-3. C8H,,C1,N,0P, requires C, 32.9; 
H, 6.2; C1, 24*4y0]. 

A stirred mixture of flowers of (b) By eZei.utentnl sulphur, 

sulphur (0.35 g, 0.01 1 mol) and 1 , 3-di-isopropyl-2,4-dichloro- 
cyclodiphosph(m)azane (2.70 g, 0.01 1 mol) was heated to 
about 150" when an exothermic reaction took place. The 
resultant oil was distilled under reduced pressure to give 
1,3-di-iso~ro~yl-2,4-dichlo~o- 2-thioxocyclodi~hos~ha~ane (2-5 
g, 82%), b.p. 65-70", 0.1 mmHg [Found: C, 26.3; H, 5.2. 
C,H,,Cl,N,P,S requires C, 25.8; H, 5.0%]. Similarly a 
1 : 1 molar ratio of sulphur and 1,3-di-t-butyl-2-cis-4- 
dichlorocyclodiphosph(1rI)azane was heated to  170-180" 
and the product distilled under reduced pressure to give 
1 , 3-di-t-butyl-2 , 4-dichloro-2-thioxocyclodiphosphnznne (7 6%), 
b.p. 86-90", 0.05 mmHg [Found: C, 31.6; H, 6.0; C1, 
22.6. C,H,,C12N,P,S requires C, 31.3; H, 5.9; C1, 23.1%]. 

The thiocyclodiphosphazanes described above underwent 
ready reactions with dimethyl sulphoxide in methylene 
chloride solution a t  - 78". Thus 1 , 3-di-i~opropyl-2~4-di- 
chloro-2-thioxocyclodiphosphazane gave an oil which was 
purified by distillation under reduced pressure to  give a 
mixture of geometrical isomers of 1 , 3-di-isopropyZ-2,4- 
dicJdo~o-2-oxo-4-thioxocyclodiphos~hazane (73%), b.p. 90°, 0- 1 
nzmHg [Found: C, 25.0; 13, 5.1. C6H,,Cl,N,0P2S re- 
quires C, 24.4; H, 4.7%]. Similarly, lJ3-di-t-butyl-2,4- 
dichloro-2-thioxocyclodiphosphazane gave a solid which was 
recrystallised from light petroleum (b.p. 40-60') t o  give a 
mixture of geometrical isomers of 1,3-di-t-bzttyl-2,4-di- 
cJzZoro-2-oxo-4-thioxocyclodiphos~hazane (89 %) , m .p. 85-101O 

quires C, 29.7; H, 5-6; N, 8-7%]. 
[Found: C, 29.8; H, 5.7; N, 8.2. C&18C&N20P2S re- 
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