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Conformational Effects on PNCH, PNC, and PNSi  Spin Coupling in 
Te rva I en t P hos p h o r us-N it rog en Co m po u n ds 

By Gordon Bulloch, Rodney Keat," and David S. Rycroft, Department of Chemistry, University of Glasgow, 
Glasgow GI 2 8QQ 

The l H  and 13C n.m.r. spectra of a series of tervalent phosphorus-nitrogen compounds having a known conform- 
ation about the P-N bond have been obtained. These measurements confirm previous assumptions that the 
coupling constants J(PNCH) and J(PNC) are relatively large and positive for a methyl group having a cis relation 
with the lone pair of electrons on phosphorus. J(PNCH) is small, and J(PNC) small and negative when the 
methyl group is trans to the lone pair. The results are discussed by reference to compounds of unknown conform- 
ation. The coupling constant, J(PNSI'), in a series of silylaminophosphines, Ph,P-NR.SiMe, (R = Me, Et. Pr', 
or But), also appears to be related to the conformation adopted by the P-N bond. 

IT has been recognised l-* for several years that the spin 
coupling constant, J(PNCH) , in tervalent phosphorus- 
nitrogen compounds has a marked stereochemical 
dependence. This was clearly demonstrated by studies 
of the low-temperature lH n.m.r. spectra of the amino- 
phosphine, PPhCl(NMe,), and related compounds ~ ~ 9 7  in 
which rotation about the P-N bond became slow on the 

FIGURK 1 Thc dihedral angle, 8, for an aminophosphine, 
P(NMe,) (X)Y 

n.m.r. time scale and two distinct P-N-C-H couplings 
were measurable. Both couplings had the same sign 
but a problem was posedl in relating the individual 
couplings to the position of the methyl groups relative to 
the lone pair of electrons on phosphorus. A planar, or 
near planar, distribution of bonds about nitrogen is 
generally observed in aminophosphines 9-15 so that the 
assignment of couplings may be considered by reference 
to Figure 1. The dihedral angle 0 for the aminophosphine, 
P(NMe,)(X)Y, is that between the plane containing the 
P, N, and Cn (in MeA) atoms and the plane f which 
bisects XYY along the P-N axis. After consideration of 

-t This plane is assumed to bisect the lone pair, but when X # 
Y this is not strictly correct. 
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the lH  n.m.r. spectra of P(CF,),(NMeH) it was proposed 
that J(PNCHI is relatively large (k19.2 Hz) for methyl 
group A (0 ca. 0') and relatively small ( 5 6 . 7  Hz) for 
methyl group B (0 ca. 180') in PPhCl(NMe,). The same 
relation has been assumed in making assignments to the 
13C spectra of PPh(NMe,)X (X = C1 or OMe); J(PNC) 
for X = C1 is relatively large and positive (k33.9 Hz) 
when 0 ca. O", but smaller and negative (zf11.4 Hz) 
when 0 ca. 180". A similar relation is suggested for 
J(PNC) and J(PNCC) in PR(C1)(NPri,) (R = Me or 
Ph) ,6 and for J(PNP) in diphosphinoamines.16 

In order to extend and, if possible, confirm these 
proposals for J(YNCH) and J(PNC), we have examined 
the lH  and 13C n,m.r. spectra of several tervalent 
phosphorus-nitrogen compounds of known crystal 
structure (or preferred conformation established by 
electron diffraction), and assumed the preferred structure 
in solution is the same. The angle 0 has not been repor- 
ted in most structure determinations and, where possible, 
we have used the fractional co-ordinates to obtain this 
angle. 

RESULTS 

Hydrogen-1 and 13C n.m.r. data for the N-methyl groups 
of compounds of known structure are listed in Table 1.  The 
relative signs of the coupling constants were established by 
lH-{ 13C}, 1H-{31P), and 13C-( l H )  double-resonance experi- 
ments. J(PNCH) had the same sign as J ( C H )  in selected 
cases (see Tables 1 and 2) and is always assumed to be 
positive. In  those cases where 13C satellites were too low 
in intensity to obtain relative sign information from the lH 
spectra the relative signs of J(PNC) and J(PNCH) were 
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obtained by off-resonance 13C-{lH) experiments. The signs couplings [for example (1-5) < (3-7) and (2-6) < 
of the two J(PNC) couplings relative to J(PNP) in Ph,P* ( P - 8 )  shows that J(PNC)/J(PNCH) and J(HCNPF)/ 
NMe*P(S)Ph, were obtained by 13C-{31P} experiments under J(FPNC) are both positive. 

TABLE 1 
Hydrogen- 1 and 13C n.m.r. data for tervalent phosphorus-nitrogen compounds of known conformation 

Compound J(PNCH) "/Hz J (PNC) /Hz  Gc/p.p.m. Structure ref. 
PC1, (NMe,) f 12.9 b*c f21 .2  f 1 b 38.3 b 1, 12, 21 
PCl (NMe,) , 11.8 h c  f 1 6 . 5  f l b  38.8 d 
P(NMeJ3 1 8 . 8  c,e & 19.0 f 0.5 e*f 38.3 22, 23 
F,P.NMe.PF, f 3 . 0  g f2 .25  f 0.1 g 21.4 g 13 

C1PPU But-PCl-NMe f l l . l  Q , c  f15.0 f 1 (NMe) 28.7 cf. 25 
(ClPNBut) , 6.6 f 0.5 54.1 g 25 

CdNMeCH,CH,kMe & 15.1(Me) e 5 1 8 . 8  f 0.28 33.1 

[J(HCNPF) f 1.51 [J(FNPC) f 7.G] 
7 - 7  

[J(PNCC) 6.11 

& 7.2(CH2) h FlO.8 f 0.2 48.8 24 
,I 

ClPNMeNMeP(C1) NMe 12.3(PNMeP) 35 
17.3 (PNMeN) i 

(from ref. 28) 
Ph,P-NMe.P(S)Ph, f 1.8 r 5 . 0  f 0.5 32.1 15 

[J(PvNC) f 5.0,J(PNP) rt 991 
P(NMeNMe) ,P f 15.4 c~ ~ P J  f12 .8  & 0.2 e * i f j  37.3 33 
ClP(NMeNMe) ,PC1 16.8 i 34 

p 4  (NMe) 6 f 16.3 e i j  f36 .4  f 0.1 e v f  37.3 37 
(from ref. 28) 

(see text)  
a fO . l  Hz, except for da ta  from ref. 28. Solutions in CH,Cl,. 

a' IJ(PNCH) + J(PNNCH)I or IJ(PNC) + J (PNNC)( .  

Same sign as J ( C H ) .  d N. M. Zaripov, N. A. Nauniov, and  
f I n  good agreement with the  results of R. D. Bertrand, F. B. Ogilvie, and  

I n  C6D6. h Mean value, 
L. L. Tuzova, Phosphovus, 1974, 4, 179. 
J .  G. Verkade, J .  Amev.  Chem. Soc., 1970, 92, 1908; G. A. Gray and  T. A. Albright, ibid., 1976, 98, 3857. 
see ref. 3. 

I n  CDC1,. 

j Complex triplet, see text.  

conditions of lH noise decoupling. The case of F,P*NMe* 
PF, is complicated by the coupling to four fluorine nuclei; 
however, a single experiment (Figure 2) is sufficient t o  ob- 
tain the relative signs. In Figure 2(b)  the proton irradiation 

--v 
FIGURE 2 Carbon-13 n.m.r. spectra of F,P*NMe.PF,: ( a )  with 

proton noise decoupling; (b)  with proton irradiation to  high 
frequency of N-methyl signals (see t ex t ) .  Both spectra were 
recorded with the  same offset 

field is set to high frequency of the N-methyl proton signals 
(the intensities are distorted because of population-transfer 
effects). Comparison of appropriate residual 13C - * 1H 

The 13C n.m.r. spectra of the phenyl groups of the 
diphosphinoamines, Ph,P-NR.PPh, (R = Me, Et, or P r i ) ,  
are of the AA'X type (or ABX in the event of a small l3C: 
isotope shift). Of the six-line pattern expected for the 
X ( W )  spectrum,l7 we observed a deceptively simple triplet 
(R = Me or Et), the separation of the outer components of 
which is IJ(PC") + J(PNPCn)I. The triplet structure 
shows that I J ( P N P )  I 2 IJ(PCn) $- J(PNPC") I .  However, 
when R = Pr i ,  C1 and C2 were doublets and C3 hacl triplet 
structure. This places a value of ca. 10 Hz on IJ(PNP)I 
(i.e. between 6.3 and 13.3 Hz). The small value of IJ(PC1) 
+J(PNPC1)I when R = Me, relative to R = Et or Pri [or 

TABLE 2 
Hydrogen-1 and 13C n.m.r. data for selected tervalent 

phosphorus-nitrogen compounds 
SCt  

Compound J(PNCH) "/Hz J(PNC)/Hz p.p.m. 
Cl,P.NMe*PCl, 1 3.0 1.6 & 0.3 28.8 
Cl,P.NMe.P(O)Cl, f 1.6 1 2 . 8  f 0.2 31.5 

[J(PVNCH) [J  (PVNC) rk 1.81 
f 15.51 

PC1, (NMePh) &4.8 T 3 . 8  f 0.3 35.3 b 

PPh,(NMePh) &1.7 -i8.7 f 0.3  b 35.7 b 
Cl,P.NMe-SiMe, f 6.8 eye ~ 4 . 2  & 1 "  30.5 e 

Ph,P*NMe-PPh, f 3.0f 5.4 f 0.2 f 32.6 f 

a fO.lHz. b I n  C,D,. Same sign as . J (CH) .  d -2.0 + 
0.5 Hz in I. J. Colquhoun and  W. McFarlane, J.C.S. Favaday 11, 
1977, 722. I n  CH,Cl,. f I n  CDC1,. 

J(PC1) in PPh, (Table 3)] suggests that  J(PNPC1) is sig- 
nificant. lH-{ 3lP) INDOR results l6 on Ph,P*NR*PPh, 
(R = Et or Pri) indicated that I J (PNP) I  is < ca.  50 Hz. 

17 S. Aime, R. K. Harris, E. M. McVicker, and  M. Fild, J.C.S. 
Dalton, 1976, 2144. 

http://dx.doi.org/10.1039/DT9780000764


766 J.C.S. Dalton 
The 13C spectrum of P(NMeNMe),P was a deceptively simple 
triplet (Table l) ,  but for reasons which are not clear the 
centre component of the triplet was much broader than the 
outer components. Similar effects were apparent in the 
13C spectra of P4(NMe), (Figure 3). The results of spectra 
simulations of this AX,X', spin system do not give an upper 
estimate of J(PNP), but they do show that the inclusion of 
a four-bond coupling, J(PNPNC), doubles up the outer 
components of the triplet. The observed separation of the 
outer sharp lines (72.8 Hz) is therefore a close approxim- 
ation to 2J(PNC). 

DISCUSSION 

values of n in the series PCla_,(NMe,), (12 = 1-3). 
Both ~(pNc-1 and J(pNC) decreased with increasing 

This 
trend has previously been reported for J(PNCH).20 In 
Order to to the approximate con- 
formations adopted about the P-N bonds, about which 
there has been some dispute for PCl,(NMe,) 1*21 and 
P(NMe,)3,22,23 it is necessary to establish whether the 
sum of the two 90" couplings is greater than the sum of 
the couplings for 8 = 0 and 180". This is not possible, 

these 

TABLE 3 
Carbon- 13 data a for diphenylphosphinoamines, Ph,P.NR*PPh, 

W C )  J(PNC) Wl) J(PC') W2) JW2) W3) J(PC3) -- - 
R p.p.m, Hz p.p.m. Hz p.p.m. Hz p.p.m. Hz 

Me 32.6 -5.4 138.5 6.5 132.4 20.7 128.2 6.3 
Et 47.2 +11.3 139.6 12.5 132.6 22.2 128.0 6.0 
Pri 51.9 +10.3 139.gb 13.3 132.9 b 22.8 128.0 6.3 
PPh, 6 - 12.51 + 19.65 +6.80 

0 In  CDC1, a t  ambient temperatures. C', C2, and C3 signals appeared as deceptively simple triplets, and the separation of the 
outer components of these triplets gave I J(PCn) + J(PNPC") I ( f 0.7 Hz) ; see text for interpretation in terms of individual couplings. 
C4 was asinglet at 6 128.6 f 0.1 in all three cases. S. Splrensen, R. S. Hansen, and H,  J .  Jakobsen, J .  Amer. Chem. 
SOC., 1972, 94, 5900. 

Doublet. 

lH-{ ,OSi) and 1H-{ 31P) double-resonance experiments on 
the ,OSi satellites of the SiMe, signals of the compounds 
listed in Table 4 showed that J(PNSi) and J(SiCH) have 
opposite signs (taking into account 18 a negative magneto- 
gyric ratio for 2OSi). The latter coupling is known 19 to be 
positive in SiMeCl,H, so we deduce that J(PNSZ) has a 
negative sign, The four-bond coupling J(PNSiCH) is also 

FIGURE 3 13C-(1H} n.m.r. spectrum of P,(NMe),, obtained with- 
out exponential weighting of Free Induction Decay 

positive. It was possible to check these assignments in the 
case of PCl,[NMe(SiMe,)] since 2gSi satellites of the N- 
methyl signals were observable and the relative signs of 
J(PNCH) and J(PNSi) could be established by 1H-{20Si} 
double-resonance experiments. 

W. McFarlane, Ann. Rev. N .M.R.  Spectroscopy, 1968, 1, 
135. 

lg W. McFarlane, J. Chem. SOC. ( A ) ,  1967, 1275. 
2o G. Mavel, Ann. Rev. N .M.R.  Spectroscopy, 1973, B5, 1 and 

L.V. Vilkov and L. S. Khaikin, DokZady Akad. Nauk S.S.S.R.,  
refs. therein. 

1966, 168, 810. 

but there is little doubt that the larger couplings, for 
n = 1, most closely represent the latter combination of 
angles in so1ution.l 

In a recent electron-diffraction study l3 it was estab- 
lished that F,P*NMe*PF, adopts a preferred conformation 
in which both angles 8 = 180". Also, the crystal struc- 
ture of the diphenylphosphino-derivative, Ph,P*NMe* 
P(S)Ph,,15 shows that 8 = 160". Whilst correlatioiis 
involving these compounds require an extrapolation 
between the vapour or solid phase and solution, the rela- 
tively small PNCH couplings are consistent with the 
proposals for PPh(C1) (NMe,).l The negative 2°C 

TABLE 4 

N.m.r. data for silylaminophosphines a 

8(31P) 6(,*Si) J(PNSi) J(PNSiCH) dsf -- 
Compound p.p.m. p.p.m. Hz Hz 

Cl,P.NMe*SiMe, 173.5 15.8 - 44 +2.8 

Ph,P.NMe*SiMe, 48.5 12.1 - 32 + 1.4 
Ph,P*NEt.SiMe, 45.8 10.7 - 33 + 1.3 
Ph,P.NPri SSiMe, 42.1 9.0 - 10 +0.8  

C1( Ph) PSNMe-SiMe, 137.6 15.9 - 34 +1.9  

Ph,P*NBut.SiMe, 46.9 8.3 ] < l o /  I <0.21 
a In CH,Cl, solution a t  ambient temperatures, measured 

using 1H-{31P} and lH-(%i} double-resonance methods. 
b Downfield from 85% H,PO,. Downfield from internal Si- 
Me,. d Sign assumes J(SiCH) and J(PNCH) positive. 
J(SiCH) was ca. 8 Hz in each case. e & 2  Hz. f f O . l  Hz. 

coupling for Ph,P*NMe*P(S)Ph, is also to be expected on 
this basis, but it is surprising that F,P*NMe*PF, has a 
positive P N C  coupling, albeit small. 

22 L. V. Vilkov, L. S. Khaikin, and V. V. Evdokimov, J. Struct. 
Chem., 1972, 15, 4. 

23 A. H. Cowley, M. J. S. Dewar, D. W. Goodman, and J.  R. 
Schweiger, J. Amer. Chem. SOC., 1973, 95, 6506; M. F. Lappert, 
J .  B. Pedley, B. T. Wilkins, 0. Stelzer, and E. Unger, J.C.S. 
Dalton, 1975, 1207; A. H. Cowley, D. W. Goodman, N. A. Kueb- 
ler, M. Sanchez, and J. G. Verkade, Inorg. Chem., 1977, 16, 
854. 
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Intermediate values of 8 are to be found in the diaza- 

p h ~ s p h o l a n , ~ ~  ClbNMeCH,CH,NMe which probably has 
an envelope conformation in the vapour phase from 
which angles 8 of 70 & 20 and 150 & 20" may be estim- 
ated for N-Me and N-CH, groups respectively. In the 

cyclodiphosphazane CIP*NBut*PC1*NMe, 8 is ca. 70", 
provided that the compound retains a conformation 

similar to that of CIP*NBut*PC1*NBut .25 The PIIINCH 
couplings for N-methyl groups which form part of a 
f our-,26 f i ~ e - , ~ ~  2 7 9 2 8  or six-membered 29-31 ring generally 
occur in the range 10-19 Hz, with some of the largest 
couplings observed in 2-phospha-l,3-diazacyclo- 
hexane~. ,~ Apparently, the only exceptions are to be 
found with the dimet h ylamino-derivatives Me,N- 

POCH,CH(Me)NMe and Me,N*P(NMeNMe),P*NMe,, 
where IJ(PNCH)I 7.5 (ref. 32) and an apparent 6.9 Hz 
(see below) 28931 respectively. 

The crystal-structure data 33 for the cage diphosphine 
P(NMeNMe),P may be used to give 8 = 49.5" for an 
apparent P * H coupling of 15.4 Hz.~*  In C1P- 

(NMeNMe),PCl 8 is 65",34 and in ClPNMeNMeP(C$Me 
8 is 42.6 (PNMeP) and 68.1" (PNMeN),35 for which 
couplings of 16.8,35 12.3, and 17.3 Hz (ref. 28) respec- 
tively have been obtained. The couplings which relate 
to the PNMeNMeP group are IJ(PNCH) + J(PNNCH)I 
and may not bear a straightforward relation to 8 if 
J(PNNCH) is significant. It is worth noting that 
J(PNNCH) is zero in NN-dimethylhydrazino-derivatives 
of pho~ph ines .~~  The apparent 16.3 Hz coupling ob- 
served in the lH spectrum of P,(NMe), is also compli- 
cated by long-range coupling effects. Its crystal 
structure has been e~tablished,~' and this indicates that 
8 is ca. 0". 

The separation of the outer components of the triplet 
in the 13C n.m.r. spectrum of P,(NMe), gives J(PNC) 
+36.2 Hz (see above); this is good evidence for a rela- 
tively large and positive 8 ca. 0" coupling. The +12.8 
Hz separation of the outer components of the triplet 
obtained in the 13C spectrum of P(NMeNMe),P is 
I J ( P N C )  + J(PNNC)I. Trial simulations show that, 
whilst J(PNNC) affects the intensity and position of the 
combination lines (which were not seen), it could assume 
values approaching that of J(PNC) and still leave the 
spectrum as a triplet. 

7 7  

'1 

-r 77 

In  Figure 4 J ( P N C H )  is plotted against estimated 
values of 0, and this shows that there is no doubt that the 
assignment 1,2 applied to PPh(C1) (NMe,) and related 
compounds is correct. Indeed, the lH and 13C n.m.r. 
data obtained1,2 for this molecule would fit that in 
Figures 4 and 5 quite well making the approximation 
that 8 = 0 and 180". A scatter of points is to be expec- 
ted in view of (i) the changes in electron-supplying power 

0 90 180 

0/ O 

Graph of J(PNCH) against 8 for (a) P,(NMe),, (b )  

P(NMeNMe),P, (c) ClhNMaCH,CH,dMe, (d) ClP(NMeNMe) 2- 

PC1, (e) ClPNMeNMeP(Cl)NMe, (f) ClPNMeNMeP(Cl)NMe, (g) 

ClP-NBut-PC1-NMe, (h) ClbNMeCH,CH,&Me, (i) Ph,P.NMe* 
P(S)Ph,, and ( j )  F,P*NMe.PF, 

FIGURE 4 ~ _ _ _ _  

I . 1  I I  

I I  

of the phosphorus and nitrogen substituents, (ii) the 
approximate values of 8 in some cases, and (iii) the 
uncertainties involved in extrapolating solid-state data 
to solution. It is clear, however, that the conformation 
adopted by the P-N bond is the most important factor 
determining the magnitude of J(PNCH). When 
J(PNC) is plotted against 0 (Figure 5) the scatter of 
points is as great as that for J(PNCH), but the general 
form of the relation with 8 is established. Less sig- 
nificance may be placed on point (b )  P(NMeNMe),P (see 

z4 V. A. Naumov, N. A. Gulyaeva, and M. A. Pudovik, Dolkady 

25 K. W. Muir, J.C.S. Dalton, 1975, 259. 
26 G. Bulloch and R.  Keat, J.C.S. Dalton, 1976, 1113. 
27 J,-P. Albrand, A. Cogne, D. Gagnaire, J .  Martin, J.-B. 

Robert, and J. Verrier, Ovg. Magnetic Resonance, 1971, 3, 75; 
Yu. Yu.  Samitov, M. A. Pudovik, A. I. Khayarov, and L. K .  
Kibardina, J. Gen. Chem. (U.S.S.R.), 1973, 43, 42; L. V. Vilkov, 
L. S. Khaikin, A. F. Vasilev, T.  L. Italinskaya, N. N. Melnikov, 
and V. V. Shvetsov-Shilovsky, Doklady Akad. Nauk S.S.S.R., 
1969, 187, 1293. 

28 H. Noth and R. Ullmann, Chern. Bev., 1976, 109, 1942. 
29 R. 0. Hutchins, B. E. Maryanoff, J .  P. Albrand, A. Cogne, 

D. Gagnaire, and J .  B. Robert, J. Amer. Chem. Soc., 1972, 94, 
9151. 

Akad. Nauk S.S.S.R., 1972, 203, 590. 
above), and on points (d ) ,  ClPNMeCH,CH,NMe, and (f) 

3O H. Noth and R. Ullmann, Chem. Ber., 1974,107, 1019. 
31 M. D. Havlicek and J. W. Gilje, Inorg. Chem., 1972, 11, 

32 J. Devillers, M. Cornus, J .  Roussel, J .  Navech, and R. Bur- 

33 W. Van Doorne, G. W. Hunt,  R. W. Perry, and A. W. Cordes, 

34 H. Noth and R. Ullmann, Chem. Ber., 1976, 109, 1089. 
35 R. Ullmann and H. Noth, Chem. Ber., 1976, 109, 2581. 
36 L. I(. Peterson, G. L. Wilson, and K. I. Thk, Canad. J. Chern., 

37 F. A. Cotton, J .  M. Troup, F. Casabianca, and J .  G. Riess, 

1624. 

gada, Org. Magnetic Resonance, 1974, 6, 205. 

Inorg. Chern., 1971, 10, 2591. 

1969, 47, 1025. 

Inovg. Chirn. Acta, 1974, 11, L33. 
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the P-N bond as a result of the relatively electronegative 
phosphorus substituents 41 is difficult to predict. There 
is only a very general correlation between J(PNC) and 
J(PNCH) for the data in Tables 1 and 2. 

The P N P  coupling constants in bis(dipheny1- 
phosphino) amines, Ph,P*NR*PPh,, have been related to 
the approximate conformations adopted by the P-N 
bonds.16 The large positive P N P  coupling observed 
when R = Me suggests that the preferred angles 0 are 
near MOO, a result also expected from the small value of 
J(PNCH) and negative J(PNC). The PNC(alky1) 
coupling in Ph,P*NR*PPh, is much more positive when 
R = Et or Pri than when R = Me. For R = Et or 
Pri this suggests a small angle 0, which is in good accord 
with the relatively small P N P  couplings (< ca. 50 Hz) 
observed for these compounds. 

The lH  n.m.r. spectra of a series of silylamino- 
phosphines 42y43 (Table 4) were examined to try to estab- 
lish whether the coupling constant J(PNSi) also has a 
conformational dependence. This type of coupling 
involving tervalent phosphorus has been reported for 
(Me,Si),N*P:N*SiMe,,& where IJ(PNSi) I is greater for the 
:N*SiMe, group (26.8 Hz) than for the *N(SiMe,), group 
(9.1 Hz). During the course of this work the crystal 
structure of the dimeric form of this phosphazene, namely 
[(Me,Si),N*PNSiMe,],, was reported 45 and this shows that 
the N(SiMe,), groups have a planar distribution of bonds 
about nitrogen and that the SiMe, groups lie cis (0 0') and 
trans (0 180') to the lone pairs on phosphorus. In 
solution, rotation about the exocyclic P-N bonds is slow 
on the n.m.r. time scale, and two couplings, IJ(PNSi) + 
J(PNPNSi)I of 3.4 and 31.0 Hz, are observed. Several 
examples of P N S i  coupling involving quinquevalent 
phosphorus have been r e p ~ r t e d . ~ ~ . ~ '  

It is clear that J(PNSi) is also dependent on the steric 
bulk of the R group in the series Ph,P*NR*SiMe,. It is 
not clear whether the more negative result for X = C1 
than Ph in X,P*NMe*SiMe, can be related to the electro- 
negativity of the phosphorus substituents. The trend 
for the diphenylphosphino-derivatives suggests that 
J(PNSi) will be most negative if a preferred conform- 
ation in which 0 is small is adopted. Increasing size of 
the R group would be expected to increase the import- 
ance of those conformations where 0 approaches 180". 
The trend to less negative PNSi couplings is paralleled 
by the trend to less positive PNSiCH couplings. The 
conformational dependence of the latter coupling has 
recently been recognised in P(CF,),[N(SiMe,),] and in 
[(Me,Si),N*PNSiMe,J, 45 (see above), where the only 
PNSiCH coupling (2.8 Hz) observed in the former com- 
pound was assigned to the SiMe, group cis to the lone 

45 E. Niecke, W. Flick, and S.  Pohl, Angew. Chem. Internat. 
Edn. ,  1976, 15, 309. 

48 E. Niecke and W. Flick, Angew. Chew. Internat. Edn. ,  1974, 
15, 134. 

47 W. Buchner and W. Wolfsberger, 2. Naturforsch., 1974, B29, 
328; W. Wolfsberger, ibid., 1975, B30, 900, 904, 907; E.-P. 
Elindt, H. Rose, and H. C. Marsmann, 2. anovg. Chem., 1977, 
430, 155. 

48 R.  H. Neilson, R. Chung-Yi Lee, and A. H. Cowley, J .  Amer .  
Chem. SOC., 1975, 97, 5302; Inorg. Chem., 1977, 16, 1455. 

(ClPNBd),, which refer to CH2- and (CH,),C-carbon 
couplings respectively. 

An attempt was also made to relate the position of N- 
methyl groups to the phosphorus lone pair in PPh(C1)- 
(NMe,) (ref. 1) and in the cyclodiphosphazane Me,N- 

P*NBut*PCl-NBut (ref. 38) by the Nuclear Overhauser 
Effect . Homonuclear double-resonance experiments 
involving irradiation of the phenyl and t-butyl protons 
respectively at low temperatures had no discernible 
effects on the N-methyl signals, which were non-equiv- 
alent because of slow rotation about the P-N bond. 

I 1  

3 4  

-10 7 
I I I 

0 90 180 
o/ 

FIGURE 5 Graph of J ( P N C )  against 0 for ( a )  P,(NMe),, (b )  

P(NMeNMe),, (c) ClbNBu t*PCFkMe, (d)  ClbNIMeCH,CH,?d- 

M e ,  ( e )  ClPNMeCH,CH,NMe, (f) (ClPNBut), [ J ( P N C )  as- 
sumed positive], (g) Ph,P*NMe-P(S)Ph,, and (12)  F,P-NMe-PF, 

_______ 
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Hydrogen-1 and l3C n.m.r. data for other tervalent 
phosphorus-nitrogen compounds are listed in Table 2, 
where, in general, structural information is lacking. In  
the light of the foregoing discussion, Cl,P*NMe*PCl, (ref, 
39) would be expected to have a preferred conformation 
close to that of its fluorinated analogue (0 ca. 180').13 A 
similar preferred conformation may be expected for the 
PIII-N bond in Cl,P*NMe*P( 0) C1,.40 The relatively 
small changes in J(PNCH) and J ( P N C )  on passing from 
Cl,P*NMe*PCl, to Cl,P*NMe*P(O)Cl, could be the result 
of conformational or electronic effects (which are doubt- 
less interdependent anyway). The more negative 
J(PNC) in (PPh,) (NMePh) relative to (PCl,)(NMePh) 
could be viewed in terms of steric interactions resulting 
in a more preferred 0 ca. 180" conformation in the former 
molecule. However, the effect of more s character in 

38 G. Bulloch, R. Keat, and D. G. Thompson, J.C.S. Dalton, 
1977, 99, 1044. 

40 R. Keat, J .  Chem. Soc. ( A ) ,  1970, 2732. 
41 H. A. Bent, Canad. J .  Chem., 1960, 38, 1235. 
42 R. Jefferson, J .  F. Nixon, T. M. Painter, R. Keat, and L. 

43 R. Keat, J .  Chem. SOC. ( A ) ,  1970, 1795. 
44 E. Niecke and W. Flick, Angew. Chew.  Internat. Edn. ,  1973, 

J.  F. Nixon, J .  Chew.  SOC. ( A ) ,  1968, 2689. 

Stobbs, J.C.S.  Dalton, 1973, 1414. 

12, 585. 
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pair on phosphorus (0 ca. 0'). 
weight to this assignment. 

Our findings add further 

EXPERIMENTAL 

Continuous-wave lH and pulsed-Fourier-transform 13C 
n.m.r. spectra were obtained on JEOL C6OHL (60 MHz) and 
Varian XL- 100 ( 2 5 . 2  MHz) spectrometers respectively. 
Values of J ( P N C )  were obtained from spectra with a digital 
resolution of 0.25 Hz or better. lH-(13C}, 1H-(31P}, and 
1H-(29Si) experiments on the C6OHL were carried out as 
previously described. l6 13C-( 1H,31P} triple-resonance 
experiments were performed using the XL-100; the de- 
coupler transmitter coil was double-tuned to accept 100 
MHz from the power amplifier of the Gyrocode decoupler 
and 40 MHz direct from the output of a ND-IOOM Schomandl 
frequency synthesiser. Spectral simulations were calcul- 
ated using the Simeq I1 program of C. W. F. Kort and 
M. J .  A. De Bie on the Varian computer of the XL-100 

49 W. Gerrard and H. R. Hudson, ' Organic Phosphorus Com- 
pounds,' eds. G. M. Kosolopoff and L. Maier, Wiley-Interscieiice, 
New York, 1973, vol. 5, pp. 222-223. 

50 F. Ramirez, A. V. Patwardhan, H. J .  Kugler, and C. P. 
Smith, J .  Amer.  Chem. SOC., 1967, 89, 6276. 

spectrometer. The compounds PCl3_,(NMe2), (n = 1-3) ,49 

C12P.NMe.PC1,,3g F2P*NMe*PF2,39 Cl,P*NMe-P( 0) C12,40 
PCI,(NMePh) ,49 C1,P*NMe-SiMe3,42 Cl(Ph) P*XMe*SiMe,,4Z 

PPhCl(NMe,) ,I ClPNMeCH,CH,NMe,60 P(XMeNMe)3P,31y51 
7 7  

P4( NMe) 6, 52  CIP*NBut *PCl*kMe, 63  (ClPN But) 2 ,  42 Me,N- 

P * N B U ~ * P C ~ * N B U ~ , ~ ~  PPh2(NMePh),49 Ph,P*NR-SiMe, 
[R = Me, Et, Pri ,  or But: b.p. 55-60 "C (0.1 mmHg)],43 
Ph,P.NR*PPh, (R = Me,64 E t , S 4  or Pri 16), and Ph,P.NMe* 
P(S)Ph, 43 were prepared by literature methods. 
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