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Alkylaminocyclodiphosph(in)azanes t

By Gordon Bulloch, Rodney Keat,” and David G. Thompson, Department of Chemistry, University of Glasgow,
Glasgow G12 8QQ

) 1
The preparation of a series of aminocyclodiphosph(lil)azanes, CIP*NRI*P(NMe,)'NR2? (Rl = Me, R2 = But;

—_—
Rl= R2=But; R!=R2=Ph) and (RlzN)-P-NRz-P(NF{12)-r\|lFi3 [Rt = Me, R?2= Me, R3=But; R!= Me,
R2 = Et, R3 = Bu'; R!= Me, R2=R3 = Bu!; R!= Et, R2= R3 = But; R1= Me, R2=R3 = CgH,X-p (X =H,
Me, Cl, or OMe); and R! = Et, R?2 = R3 = Ph] by aminolysis of chlorocyclodiphosph(ill)azanes is described. In
many cases geometrical isomers are obtained which display exceptionally large differences (65—90 p.p.m.) in

31P chemical shift. Aspects of the 'H and 3P n.m.r., mass, and i.r. spectra of those compounds are recorded and

discussed.

THE first report of the formation of a cyclodiphosph(11)-
azane (1; X = Cl, Rl = R?= Ph) and its amino- and
alkoxy-derivatives appeared during the last century,!
but the detailed characterisation of compounds of this

1 No reprints available.

1 A. Michaelis and G. Schroeter, Chem. Ber., 1894, 27, 490.

2 1. Haiduc, ‘ The Chemistry of Inorganic Ring Systems,’
Wiley, London, 1970, part 2.

type has only recently been started.? Difficulties have
been encountered 24 in the identification of the deriva-
tives (1; X = CI, R! = R? = Me or Et), but a crystal-
structure examination 3 of (1; X = Cl, R! = R? = But)

3 R. Jefferson, J. F. Nixon, T. M. Painter, R. Keat, and L.
Stobbs, J.C.S. Dalton, 1973, 1414.

4 G. Bulloch and R. Keat, J.C.S. Dalton, 1974, 2010.
& K. Muir, J.C.S. Dalton, 1975, 259.
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TaBLE 1
Phosphorus-31 and 'H n.m.r. data for aminocyclodiphosph(rir)azanes (1) and (2) ¢
I
3 Jenp rz)t?;ir 3u(NMe,) [ryon{NMey)?
Compound N}\}/[( " R? 5 tRa ;;(});g Hz ,____A_2 3 p‘pém. Hz
1 e . 2.68 8.1
8 NMe. Me But 192.3 3 2 2.70 7.6
(1) NMe, Et But 101.4 1 2 2.78¢ 7.8
(1) NMe, Et But 186.4 2 1 2.79f 7.0
1 NMe, But But 95.0 2 10 2.66 8.4
(1) NMe, But But 184.7 3 1 2.67 ca. 3,129
{1 NEt, But But 91.3 3.175 8.0
(@) Me But 189(PCl) -+31.5 - 0.5
146 2.81 8.0
(2 But But 178(PCY) 325 + 0.5
’ 128 2.81, 2.9,
2.83 13.2
(1) NMe, Ph Ph 101.0 i 1 0 2.87 8.7
(1) NMe Ph Ph 166.5 i 1 1 2.78 8.4
(1) NMe, C.HCl-p CeH,Cl-p 100.8 1 0 2.88 8.5
1 NMe CH,Cl-p C,H,Cl-p 166.1 1 1 2.83 8.5
(1) NMe, CiHMe-p  CoHMe-p 0 0
(1) NMe, C.HMe-p C H,Me-p 166.8 1 1 2.86 8.5
(1) NMe, C,H,0Me-p  C,H,OMe-p 1015 1 0 2.88 8.9
(1) NMe, CH,0OMep C,H,OMep  168.9 10 1 2.83 8.6
(1) NEt, Ph Ph 162.2 3.284 8.0
(2) Ph Ph 136.3 4 2.91 9.0
178.6(PCl)
(1) ButNH But But 89.4

¢ At ambient temperatures in CDCl, solutions (no reaction).

® Downfield shifts are positive; relative to external 859, H,PO,.

¢ The first column shows the ratios immediately after reaction, the second column shows the ratios after standing over a period of

weeks. 4 More correctly | Jexca + Jrxewca| for compounds (1).
text). fS(NCHa) 258, JpNQH, 10.5 Hz.
PN bonds.® ANCH,.
only.
has unambiguously demonstrated the presence of a
four-membered ring. Recently authenticated examples
of (1; X = alkylamino) are limited to (1; X = NButH,

R’
N
VAR
XP\N/PX
R2
{1)

R! = R? = But!) obtained in the t-butylaminolysis of
phosphorus trichloride,® the dimethylamino-derivative
(X = NMe,, R! = R% = Ph),” the N-arylsulphonyl de-
rivatives [X = NMeR’ (R’ = alkyl), R! = R? = R”’SO,
(R” == aryl)],} and the dimethylhydrazino-derivative

¢ 3(NCH,) 3.01, Jench, 10.7 Hz; showed signs of broadening (see

¢ Broadened by exchange effects, which arise from restricted rotation about the exocyclic
# 1H-{3P} INDOR experiments indicate that Jexp < 50 Hz.

J PNMe,, determined by double resonance

R3 = But!) 8 have recently been prepared, (4) that
dimethylaminolysis of (1; X = Cl, R! = R? = But) led
to complicated mixtures,# and (c) that no evidence has
been obtained for more than one geometrical isomer of a
cyclodiphosph(11r)azane, we have investigated the pro-
ducts of aminolysis of chlorocyclodiphosph(iir)azanes in
some detail. Throughout this paper it will be assumed
that geometrical isomerism arises from the different
mutual orientations of the exocyclic phosphorus sub-
stituents and that the ring nitrogen atoms have a planar,
or near planar 5 distribution of bonds.

RESULTS AND DISCUSSION
Hydrogen-1 n.m.r. spectroscopy showed that the
reaction of (1; X = Cl, R! = R? = But) with 4, or
more, molar equivalents of dimethylamine in diethyl
But

ZaN

(1; X =Cl,R'=R%:Bu' ) + 4 NMe,H -——»MezN-P\ JPeNMe, + 2[NMe2Hz]Cl (i)
N

(X = NMeBut, R! = R?= NMe,).* Cyclodiphosph-
(rir)azanes are examples of dimeric monophosph(i1r)-
azenes, and, in view of the reports (4) that the latter
compounds RIR2N:P:NR3 (R! = R? = R? = SiMe,; 1011
R! = R® = But, R?=SiMe,;1®# R! = R? = SiMe,,

8 R. R. Holmes and J. A. Forstner, Inorg. Chem., 1963, 2, 380.

? A. R. Davies, A. T. Dronsfield, R. N, Haszeldine, and D. R.
Taylor, J.C.S. Perkin I, 1973, 379.

8 T, L. Bowden, A. T. Dronsfield, R. N. Haszeldine, and D. R.
Taylor, J.C.S. Perkin I, 1973, 516.

% O. J. Scherer and W. Glassel, Angew. Chem. Internat. Edn.,
1975, 14, 629.

But

ether solution resulted in the formation of two products,
a mixture of which analysed for (Me,NPNBut),. Mass
spectroscopy showed that » = 2, so that the reaction is
straightforward, except that a mixture of geometrical

10 E. Niecke and W. Flick, Angew. Chem. Internat. Edn., 1973,
12, 585.

11 Q. J. Scherer and N. Kuhn, Chem. Ber., 1974, 107, 2123.

12 Q. J. Scherer and N. Kuhn, Angew. Chem. Internat. Edn.,
1974, 18, 811.

13 0. J. Scherer and N. Kuhn, J. Organometallic Chem., 1974,
82, C3.

1 Q. J.Scherer and P. Klusmann, Angew. Chem. Internat. Edn.,
1969, 8, 762.
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isomers is formed [equation (i)]. The two isomers had
3P chemical shifts of § 95 and 184 p.p.m.; the difference
between these shifts is exceptionally large and the shift
of the low-field isomer is well outside the range expected
for aminophosphines, P(NR,); (8p 78—134 p.p.m.).1s
Generally, isomeric cyclodiphosph(v)azanes have 3P
chemical shifts which differ by less than 5 p.p.m., and
in other cyclic tervalent phosphorus compounds the
shift difference between isomeric forms is less than
15 p.p.m., e.g. ref. 16. The isomer with the shift of
3 95 p.p.m. is well within the range expected for the
incorporation of an aminophosphine in a six-membered
ring; %* molecular-weight measurements in benzene
solution,  however, confirmed that a cyclodi- rather than
a cyclotri-phosphazane was present.

The dimethylaminolysis experiments were repeated
on (1; X =Cl, R! = But, R? = Me or Et) and there
were significant differences in isomer ratios. Isomeris-
ation of these 2,4-bis(dimethylamino)cyclodiphosph-
azanes was found to occur. Qualitative observations
show that the rate of isomerisation increases with in-
creasing bulk of the nitrogen substituents, thus while
isomerisation of (I; X = NMe,, R! = But, R? = Me)
was only apparent after standing for several weeks at
ambient temperatures, isomerisation of (1; X = NMe,,
R! = But, R? = Et) was noticeable after a few days,
and (1; X = NMe,, R! = R? = Bu") isomerised almost
completely to one isomer within 2 d, especially in
solution. In each case isomerisation resulted in an
increased proportion of the isomer with the ‘ high-field ’
31P signal (5p ~ 100 p.p.m.) being formed.

The preparation of (1; X = NMe,, R! = But, R? =
Me) was also achieved by reaction (ii). The substrate,

(Me,N)CIP'NMe-PCl(NMe,) + 3NButH, —»
(1; X = NMe,, R! = But, R? = Me) +
2[NButH,ICl (i)

(Me,N)CIP-NMe-PCI{(NMe,), decomposes on removal of
solvent,1? so that it was necessary to carry out this
reaction on a freshly prepared solution containing this
compound.

Similar reactions with 2 molar equivalents of dimethyl-
amine readily gave monodimethylamino-derivatives (2)
[equation (iii)]. These products differed from the
bis(dimethylamino) derivatives in that only one isomer
was formed in each case. In one case (R? = Bu?) there
was initially some doubt about this because of the
appearance of two dimethylamino-proton signals at
ambient temperatures. It is now clear that these two
signals arise because rotation about the P-N bond is
slow on the n.m.r. time scale. Details of these effects
will be described elsewhere.1®

Reactions of (1; X =Cl, Rl = R? = But) with 4
molar equivalents of diethylamine gave (Et,NPNBut),
in one isomeric form only and this with a  high-field’
31P signal. The preparation of (HBu*NPNBut), by the

13 M. M. Crutchfield, C. H. Dungan, J. H. Letcher, V. Mark,
and J. R. Van Wazer, Topics Phosphorus Chem., 1967, 5, 236.
18 W, J. Stec and A. Okruszek, J.C.S. Perkin I, 1975, 1828.
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reaction of phosphorus trichloride with t-butylamine 6
was repeated. Only one isomer was detected, and this
also had a ‘ high-field ’ 31P shift (3p 89.4 p.p.m.) relative
to the t-butylamino-derivatives above.

The preparation of N-arylcyclodiphosph(1r)azanes (1;
X = Cl, R! = R? = CgH,Y-p) by the reaction of aryl-
amine hydrochlorides with PCl, in refluxing sym-tetra-
chloroethane has recently been described.” In our
hands, these preparations were repeatable when Y = H
or Cl, but not when Y = Me or OMe. When Y = Me,

{1;X = C, R'= Bu',R?=Me or Bu') + 2NMe,H

R1
N
— MezN-P< /\PCl + [WeH, Jot i
N2
(2)

the cyclodiphosph(iir)azane was only obtained by
heating the intermediate bis(dichlorophosphino)amine

under reduced pressure [equation (iv)]. When Y =
2CL,P-NCgH,Me-pPCly —»
(CIPNCgH,Me-p), + 2PCl, (iv)

OMe, no cyclodiphosph(iir)azane could be obtained.
Dimethylaminolysis of the chlorocyclodiphosph(111)-
azanes (1; X = Cl, R! = R?2 = C;H,Y-p) readily gave
the bisdimethylamino-derivatives, (Me,NPNC,H,Y-p),
(Y =H, Cl, or Me). The p-methoxyphenyl derivative
was obtained by dimethylaminolysis of the bis(dichloro-
phosphino)amine, Cl,P-N(C;H,OMe-p)-PCl,. Careful
examination of the products of the reaction of CLP--
NPh-PCl, with 4 molar equivalents of dimethylamine
by *H n.m.r. spectroscopy showed that the cyclisation

step is extremely facile, for only Cl'P-NPh-P(NMez) ‘NPh
(2; R! = R? = Ph) [also prepared by the reaction of
(1; X = C], R = R2 = Ph) with 2 molar equivalents of
dimethylamine], PCl,(NMe,), and PCI(NMe,), could be
detected. It is therefore not possible to distinguish
between the various routes by which dimethylamino-
cyclodiphosph(itr)azanes may be formed in this reaction.
Although (Me,N)CIP-NPh-PCl(NMe,) could not be
detected, it is worth noting that (Me,N)CIP-NMe-PCl-
{NMe,) has been identified 1 as a product of dimethyl-
aminolysis of CL,P-NMe'PCl,, and that it eliminates
PCly(NMe,) and PCI(NMe,), over a period of several
hours at ambient temperatures. Only the N-phenyl
derivative, (Me,NPNPh),, has been previously re-
ported 7 and this apparently as one isomer. In three
out of four cases (Y = H, Cl, or OMe) we have now
found that a mixture of geometrical isomers is obtained,
again with a large difference in 3P chemical shifts for
each pair of isomers. The isomer which predominates
and which appears to be thermodynamically favoured is,
surprisingly, that with the ‘low-field ’ 3!P shift. The

17 R. Keat, J.C.S. Dalton, 1974, 876.
18 G. Bulloch, R. Keat, and D. G. Thompson, unpublished
work.
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thermodynamically favoured isomer has the © high-field ’
81P shift in the N-alkyl derivatives, Diethylaminolysis
of (CIPNPh), gave only one isomer of (Et,NPNPh),, and
this had a ‘ low-field ’ 3'P signal (3p 161.2 p.p.m.).

The 3P n.m.r. data suggest that different geometrical
isomers are thermodynamically favoured when N-alkyl
are replaced by N-aryl substituents. An assignment of
structures to these isomers would have been simplified if
the thermodynamically less-stable form could have been
isolated also, but the rate of isomerisation at ambient
temperatures is such that this has not been achieved,
even with the more crystalline N-aryl derivatives.
There are two possible mechanisms of isomerisation,
either the conventional inversion of configuration at
phosphorus, or a process of the type (v). It is well
known that organophosphines are configurationally
stable at ambient temperatures and, if anything, they
are likely to be more stable because of the presence of
electronegative substituents and the fact that phosphorus
forms part of a small strained ring system.1® It is known
that monomeric phosph(1ir)azenes of the type shown are
characterised by very low-field 3P shifts (e.g. 8p = 325
p.p.m. when R = R! = SiMe,),1® and accordingly we
searched the 3P spectra of these compounds in the
region 8p 200—400 p.p.m., but no signals were found.
If the monomer (¢.g. Me,N'PINBut) is formed it must
have a very short lifetime. The observation that the
rate of isomerisation increases with increasing steric bulk
of the nitrogen substituent could equally well be inter-
preted in terms of a lower barrier to inversion at phos-
phorus or in terms of a greater stabilisation of a mono-
meric species, R,N-P.NRL

There are several results which suggest that the

J.C.S. Dalton

product of kinetic control, and it has a ‘low-field’
3P signal. (c) The ethyl CH, signals of the two isomers

of (Me,N)P-NBut-P(NMe,)'NEt were examined at 220
MHz. Those CH, signals corresponding to the isomer
with the ‘ high-field * 3P shift were broader than those
from the isomer with the ‘low-field’ shift. Non-
equivalence of methylene protons may be taken to
imply the presence of a trans isomer.2!

Although the foregoing results are all indicative of a
cts configuration for the isomer with the low-field 3P
signal, the results for the 1,3-diarylcyclodiphosphazanes
are different. Of the dimethylamino-derivatives, the
thermodynamically favoured form has a ‘ low-field ’ 3'P
signal and reaction with diethylamine results in the
exclusive formation of an isomer of (Et,NPNPh), with
a ‘low-field ’ signal. The thermodynamically favoured
1,3-diaryl derivatives are all crystalline at ambient
temperatures. A crystal structure of one of these
derivatives, and variable-temperature n.m.r. studies,
may shed further light on the 3P shift differences,
which, at present, may be rather speculatiyely ascribed
to differences in preferred conformation adopted by the
dialkylamino-groups.

A feature of the 3P n.m.r. spectra of the cyclo-
diphosph(ir)azanes is that the 3!P signals are moved
farther upfield by increasing methyl-group substitution
at the «-carbon atom in the 1,3-alkyl groups. For
example, the 3P signals in both isomers of the series

(Me,N)P-NBut-P(NMe,)'NR move upfield by 2—5
p.p.m. per methyl-group substitution in the series
R = Me, Et, and But. A similar effect may be noted
for (1; X = Cl, R = But, R? = Me, Et, or But).4 This

1

R1
R,N N R2N N\ NR2
\P/ \P == 2R;N'PINR' = \P/ P, {v)
N R '
R‘ 2 R1

isomers of the 1,3-dialkylcyclodiphosph(iir)azanes with
the low-field 3P signals have a mutual c¢s orientation of
dialkylamino-groups. (4) On steric grounds the frans
isomer would be expected to be thermodynamically more
stable than the cis (assuming that there are no pro-
nounced cyclodiphosphazane ring-puckering effects).
This would mean that the frans isomers had the highest-
field 3P shifts, and be consistent with the exclusive
formation of an isomer of (Et,NPNBut), with a ‘ high-
field * 3P shift. (b) Nucleophilic displacement of
chlorine by amino-groups in phosphetans is known
to proceed with inversion of configuration at phos-
phorus.2® If aminolysis were also stereospecific in the
cyclodiphosph(1ir)azanes, then the kinetically favoured
product from the dimethylaminolysis of (CIPNBut),
(known to be cis®) would also be a cis isomer. The
major product from this reaction appears to be the

1 7. B. Lambert, Topics Stereochem., 1971, 6, 19.
20 'W. Hawes and S. Trippett, J. Ckem. Soc. (C), 1969, 1465.

shift may well be related to the so-called ‘ gamma effect ’
apparent in alkylphosphines,? where methyl-group
substitution at the y position [methyl-group substitution
in the cyclodiphosph(1ir)azanes is also ‘ y * to phosphorus]
results in a progressive upfield shift as a consequence of
increasing steric interactions, The effect of the para
substituent in the 1,3-diarylcyclodiphosph(iir)azanes is
very small, but an upfield 31P shift is apparent with the
more electron-releasing substituents.

The dimethylamino-proton signals in the symmetrical

compounds, (Me,N)P-NBut-P(NMe,)-NR (R = Me, Et,
or But) were all doublets of separation 8—-12 Hz, with
very little of the second-order effects which give rise to a
group of signals between the components of the doublet.
When the bridging N-alkyl protons are ignored these
systems constitute X AA'X’c spin systems and

21 C. D, Flint, E. H. M. Ibrahim, R. A. Shaw, B. C. Smith, and

C. P. Thakur, J. Chem. Soc. (4), 1971, 3513.
22 L. D, Quin and J. J. Breen, Phosphorus, 1973, 5, 17.
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typically give rise to second-order effects when |J,x +
Jax| < Jaa. These results therefore imply that Juu-

TABLE 2

Selected mass-spectroscopic ratios for compounds (1)

[(1; X = NMe,)]: [(1; X =ClJ:
R R [Me,NP=NR!]} [CIP=NR1]
But Me 1.75 7.60
But Et 0.76 1.82
But But 3.17
But But 5.12
(X = NEt,)
C.H,Cl-p 0.08 0.04
Ph 0.73 0.36
Ph 0.38
(X = NEt,)
CoH,Me-p 0.66 0.314
CoH,OMe-p 0.27 b
¢ (XPNR?Y),;, mfe 507, observed in small quantities. 2 (1;
X = Cl) was not prepared.
(or Jpxp) is small, probably <10 Hz. Stronger second-

order effects were apparent in the dimethylamino-proton
signals of 1,3-diarylcyclodiphosph(1ir)azanes, particularly

103

diphosph(iir)azanes is the relatively high abundance of
molecular ions corresponding to the monomers, XP:NR!?
(or R?) (Table 2). In the 1,3-diarylcyclodiphosph(r1i)-
azanes the ratio [(1)]:[monomer] was less than 1:1.
This ratio was generally greater than 1:1 in the 1,3-
dialkylcyclodiphosph(iir)azanes suggesting that aryl
substituents are more effective than alkyl in stabilising
monomeric phosph(ir)azenes. In (I; X = NMe,, R! =
But, R?= Me) both possible phosph(i)azenes were
formed in similar quantities; the same result was
obtained when R? = Et. It remains to be seen how
the stability of 1,3-dialkyl- relative to 1,3-diaryl-cyclo-
diphosph(1ir)azanes as molecular ions correlates with
their solution properties.

EXPERIMENTAL

Solvents were dried by conventional means. Phos-
phorus trichloride and diethylamine were distilled before
use, the amine from sodium hydroxide pellets. Anhydrous
dimethylamine and amine hydrochlorides, obtained com-
mercially, were used without purification. p-Toluidine was

TABLE 3
Experimental details
Reaction Subsequent M.p. (6¢/°C)
conditions treatment or
Reactant [8c/°C, solvent [stirring(¢/h) [b.p.(8¢/°C)
Substrate [amount/mmol] (amount/mmol) (V/cm?)] at 6¢/°C] Final product(s) (yield/%), [isomer ratio] P/mmHg]
[y
(1; X = CI, Rt = Me, R? = But) [22.5] NMe,H (104) —178, OEt, (180) 20 (3) (Me,N)P NBut'P(NMe,)'NMe (55) {3 : 2] {60—686, 0,01]
(Me,N)CIP-NMe-PCI(NMe,) [52] NButH (155) —78 CH,CL, (50) 20 (2) (MezN)P “NBut-P(NMe,)* ]:]Me (64) [2: 2]
T 1
(1; X = CI,R! = Et, R? = But) [19.4] NMe,H (98) —178,0Et, (170) 20 (2) (MezN)P NBut-P(NMe,)-NEt (53) [2 : 1] [54—56, 0.005]
(1; X = ClI, Rt = R? = But) [20.4] NEt,H (82) —78, OEt, (170) 20 (15) (Eth)P NBut-P(NEt,)"NBut (30) [1 : 0] 32—34 0
[78—80, 0. 2]
—
(1; X = Cl, R* = Me, R? = But) [26.4] NMe,H (53) —78,0Et, (50) 20 (1) (Me,N)p-NBut-PCl-N'Me (67)[1 : 0] [50—56, 0.02]
1
PCl, [230] NButH, (1 150) ~—178, OEt, (600) 20 (48)  (HButN)P-NBut-P(NButH)-NBut (52) [1 : 0] 148—150
(1; X = CI, R! = R = Ph) [32] NMe,H (64) 518’(%*0’ 10y 20 (1) (Me,N)]P~NPh'PCl-NPh (89)[1:0] 84
2
————
(1; X = CI, R! = R* = C,H,Cl-p) [13] NMe,H (52) —78CH,CL, (30)  20(1)  (MegN)PN(C4H,Cl-p)-P(NMeg)'N(CoH,Cl-p) (86) [1 : 0] 117—118
U
(1; X = Cl, R! = R? = CHMe-p) [20] NMe,H (80) —78, OEt, (30) 20 (0.5) (Me,N)"D-N(CBH‘Me-p)-P(NMe,)-N(C,H4Me-p) (86)[1:0] 111—113
(C1yP),N-C¢H ,OMe-p [31] NMe,H (250) —178, OEt, (30) 20 (1) (}\[’If,N)IP-N(C.H‘OMe-p)-P(NMe,)-I‘\I(C,,H‘OM&p) (65) 112
: 0]
1
(1; X =Cl,R! = R?* = Ph) [30] NEt,H (120) 20, CH,Cl, {20) 20(1) (Et;N)PNPh-P(NEt,)'NPh (58) [1 : 0] 104—105
for the isomers with the low-field 3P shifts, but urified by sublimation under reduced pressure. The
P y P

1H-{81P} INDOR experiments # on the 1,3-diphenyl-
cyclodiphosph(1i)azanes indicated that [pyp was again
relatively small (<50 Hz). By comparison of the rela-

tive signs of Jpxp and Jpnog in CIP-NBut-P(NMe,)-NR
(R = Me) it was possible to show that the former
coupling is +31.5 Hz and we assume that the same sign
holds when R = But. Relatively small PNP coupling
constants are anticipated when the P-N-P unit forms
part of a four-membered ring.?* A general feature of
the dimethylamino-proton shifts of isomeric compounds
was that the isomer with the low-field #1P signal always
gave 1H signals at higher field than the isomer with the
high-field 3P signals.

An important aspect of the mass spectra of the cyclo-

23 Of the type used by W. McFarlane and D. S. Rycroft, J.C.S.
Faraday 11, 1974, 377.

—
cyclodiphosph(iir)azanes, CIP"-NButPCI'NR (R = Me, Et,
or Bu') were obtained as previously described,® and
(CLLP),N-C¢H,Y-p (Y = Cl, H, Me, or OMe) and (CIPN-
CeH,Y-p), (Y = H, Cl, or Me) were prepared by slightly
modified literature methods.®»? N.m.r., mass, and i.r.
spectroscopic data were obtained as previously,®%2¢ and
molecular weights were determined by osmometry in
benzene solution.

Typical preparations of dimethylaminocyclodiphosph-
(n1jazanes are described below and the remaining prepar-
ative details are given in Table 3. Analytical data are
in Table 4.

2,4-Bis(dimethylamino)-1,3-di-t-butylcyclodiphosph(111)-
azane (1; X = NMe,, R! = R? = But).—2,4-Dichloro-1,3-
di-t-butylcyclodiphosph(iir)azane (5.3 g, 0.019 mol) was
mixed with dimethylamine (4.5 g, 0.10 mol) in diethyl ether

2 R. J. Cross, T. H. Green, and R. Keat, J.C.S. Dalton, 1976,
1424.


http://dx.doi.org/10.1039/DT9770000099

104

(180 cm?) at —78 °C. The mixture was boiled under reflux
(3 h) and dimethylamine hydrochloride and solvent were
removed, leaving a white low-melting-point solid. The
solid was remelted and distilled under reduced pressure
to give 2,4-bis(dimethylamino)-1,3-di-t-butylcyclodiphosph-
(111)azane (2.7 g, 48%,) as a clear viscous liquid, b.p. 85—
90 °C (0.01 mmHg),* which crystallised on standing

J.C.S. Dalton

(5.6 g, 0.12 mol) was added to a stirred suspension. of 2,4-
dichloro-1,3-diphenylcyclodiphosph(iir)azane (9.9 g, 0.031
mol) in methylene chloride (20 cm?® at —78 °C. The
solution was stirred (0.5 h), brought to ambient tem-
perature, and diethyl ether (30 cm®) was added. The
precipitate was removed and evaporation of the solvent
left a white solid. Recrystallisation from methylene

TABLE 4
Analytical data for compounds (1) and (2)

Found Calc.
Compound X R! R? c H N M "¢ H N M’
) NMe, But Me 435 9.7 22.1 {(gg‘f) 43.2 9.7 a4 260
264 4545 9.9 21.2 264
t
) NMe, Bu Et 454 100 21.4 {(2 o
) NEt, But But 550 112 159 (gﬁf) 86.15 110 16.1 348
@) But Me 34.1 8.5 16.9 241 34.4 8.7 17.2 241°
1) NButH  But But 553 111 164¢ 348 552 10.9 16.1 348
) Ph Ph 52.1 5.1 13.45 323 51.9 49 13.0 323
) NMe, C.H,Cl-p 48.1 49 14.1 {(ig?,) 47.9 5.0 14.0 (18(1))
0 NMe, CoH Me-p 59.1 7.1 15.7 360 60.0 7.2 15.6 360
) NMe, CoH,0Me-p 55.1 6.7 14.3 392 55.1 6.6 143 392
) NEt, Ph Ph 61.7 7.6 1485 388 61.9 7.7 14.4 388

¢ Analyses in 9,
osmometry in benzene solution. ¢ P 18.1 (calc. 17.89%,).
[Found: C, 49.4; H, 10.7; N, 19.0%,; M 291 (in benzene),
mle 292. C,,H, NP, requires C, 49.3; H, 10.3; N, 19.29,;
M 292, mfe 292], m.p. 38—42 °C; ir. (thin film) 2 958s,
2 915s(sh), 2 860s, 2 821m, 2 783m, 1 455s(br), 1 385m,
1 359s, 1273s, 1240s, 1 210vs,br, 1 137w, 1 069m, 1 058m,
1029m, 998s, 972s, 961s(sh), 923w, 897m, 866s, 810vw,
792m, 728vw, 688m, 659s, 645m, 596m, 552vw, 488w,
472w, 417w, 393vw, 238w, and 210w cm™,

2-Chlovo-4-dimethylamino-1,3-di-t-butylcyclodiphosph(iir)-
azane (2; R! = R? = But).—2,4-Dichloro-1,3-di-t-butyl-
cyclodiphosph(iir)azane (5.3 g, 0.019 mol) was treated with
dimethylamine (1.81 g, 0.039 mol) in diethyl ether (150 cm3)
at —78 °C. The liquid residue obtained after work-up was
distilled under reduced pressure to give 2-chloro-4-dimethyl-
amino-1,3-di-t-butylcyclodiphosph(11t)azane (3.7 g, 57%) a
clear viscous liquid, b.p. 55—65 °C (0.03 mmHg) (Found:
C, 41.7; H, 8.6; N, 15.1%; mle 283. C, H,CIN,P,
requires C, 42.3; H, 8.5; N, 14.8%,; m/e 283).

2,4-Bis(dimethylamino)-1,3-diphenylcyclodiphosph(1ir)-
azane (1; X = NMe,, R! = R? = Ph).—Dimethylamine

¢ mle for 35Cl-containing species; for other m/e data see Table 2.

Values in parentheses were obtained by

chloride-light petroleum (b.p. 40—60 °C) (1:2) gave
2,4-bis(dimethylamino)-1,3-diphenylcyclodiphosph(1ut)azane
(crude yield 5.6 g, 549%), m.p. 125—127 °C (lit.,” 188,
206—208 °C?) (Found: C, 58.1; H, 6.5; N, 16.6%; m/e
332. C;gH,,N,P, requires C, 57.8; H, 6.6; N, 16.99;
mfe 332). 'H n.m.r. spectrum indicated that the crude
product contained two isomers in equimolar proportions.
Lr. spectrum in CCl, solution: { 3 065w, 3 030w, 3 000vw,
2 970w, 2 920w, 2 890w, 2 835w, 2 800w, 2 792w, 1 592s,
1490s, 1476m, 1 445m, 1 405vw, 1 278vs, 1 194m, 1 175m,
1152vw, 1098w, 1075w, 1060w, 1025w, 992w, 968m,
904s, 892s, 688s, 675m, 655m, 615vw, 525vw, 490m, and
390w cm™.

We thank the S.R.C. for support (to G. B. and D. G. T.)
and for the provision of n.m.r. equipment.

[6/1211 Received, 22nd June, 1976]

* Throughout this paper: 1 mmHg ~ 13.6 x 9.8 Pa.
t No reaction at ambient temperatures.
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