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Studies of Nitrogen-15-Phosphorus-31 Nuclear Spin—Spin Coupling by
Heteronuclear Magnetic Double Resonance

By William McFarlane * and Bernd Wrackmeyer, Department of Chemistry, City of London Polytechnic,

Jewry Street, London EC3N 2EY

The signs and magnitudes of 1J(31P—1N), 2/(31PNH), 3/(1NPCH), and certain other coupling constants, and
phosphorus-31 and nitrogen-15 chemical shifts, have been determined in 24 organophosphorus compounds with
P-N bonds and enriched in nitrogen-15. The coupling *K(PN) has substantial negative values in phosphorus(ii)
compounds and becomes more positive with values near zero when phosphorus is four-co-ordinate.  The behaviour
of 2J(3'PNH) is consistent with the hybridization of nitrogen being close to sp? in these species, and this is attri-
buted to pr—dy overlap with phosphorus and/or pz—pz overlap with A-phenyl groups.

THE following factors have been suggested ! as affecting
reduced nuclear spin-spin coupling constants {defined 2
as K(XY) = J(XY)[4r? hy(X)y(Y)]} between directly
bound elements X and Y: the s characters of the hybrid
orbitals of X and Y used to form the X-Y bond; the
quantities $x%(0) and $v*(0) which increase as the sub-
stituent groups on X andfor Y become more electro-
negative; and the s-overlap integral fxy which is
specially important if either or both of X and Y has a
lone pair and the mean excitation-energy approximation
isinvalid. Similar considerations also apply to couplings
over more than one bond, although the nature of the
intermediate atom(s) and interbond and dihedral angles
have also to be taken into account.23 As Bxy becomes
small the effect of changes in substituents will become
complex and K (XY) will pass through zero and may
assume large negative values.®%5

In Group 5 of the Periodic Table these features
are well documented %3 for couplings involving phos-
phorus (3'P has I = }, natural abundance 1009,)
but relatively unstudied for nitrogen because 4N
(I =1, abundance 99.6%,) has a quadrupole moment
and BN (I = 1, abundance 0.35%, y negative) is of
low abundance and has only ca. 0.1%, of the sensitivity
of the proton to n.m.r. detection.? In particular,
the effects on 1J(3P-%1P) of molecular conformation,
substituent electronegativity, and phosphorus oxidation
state and hybridization have been studied in some detail,
and many observed trends have been rationalized.®8
Measurements of 1J(3P-15N) have until very recently
been confined to molecules in which the phophorus atom
bears substituents (¢.g. F or CF;) of extremely high
electronegativity, 1922 but a preliminary account of our
own work has shown that 1j(3!P-15N) depends in a
characteristic way on the oxidation state of the phos-
phorus atom.!3

In this paper we report measurements by H-{!5N}
and H-{3'P} heteronuclear double resonance of the
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signs and magnitudes of the 3'P-15N, 31p-1H, 5N-1H, and
certain other coupling constants in a representative
range of simple organophosphorus compounds with P-N
bonds. Samples enriched to ca. 96%, in N were used
(although it transpired that a lower degree of enrichment
would have been sufficient) and only 2 g of 15N-enriched
aniline was used to prepare and examine 24 different
species.

EXPERIMENTAL

Preparations were performed and compounds were manip-
ulated under an atmosphere of dry nitrogen. The aniline
was enriched to 96.5%, in N and was used as supplied by
Prochem Ltd. Typically, a scale of 5—10 mmol was used.
Samples for analysis were obtained by repeating the prep-
arations on a larger scale using unenriched aniline, and the
analytical figures are based on the atomic mass for nitrogen
of 14.01.

Dimethylphosphinophenylamine.—Freshly distilled di-
methylphosphinous chloride (3.22 g, 33 mmol) in diethyl
ether (10 cm?®) was slowly added to a ice-cooled mixture of
aniline (3.1 g, 33 mmol) and triethylamine (4.7 cm?, 33 mmol)
in diethyl ether (20 cm3). The precipitate was filtered off,
the ether was removed from the filtrate, and the residue was
distilled to give the compound (4.5 g, 879,) as a colourless
liquid, b.p. 48—49 °C (1 Torr) * (Found: C, 62.6; H, 8.0;
N 9.0; P, 20.4. CgH,;,NP requires C, 62.8; H, 7.9; N, 9.2;
P, 20.29%,).

PP-Dimethyl-N-phenylphosphinoselenoic ~ Amide.—Equi-
valent amounts of the preceding compound and elemental
selenium were heated under reflux in toluene from which the
compound (m.p. 114—116 °C) crystallized as colourless
needles (Found: C, 41.5; H, 5.1; N, 6.0; P, 13.6. CH,,-
NPSe requires C, 41.4; H, 5.2; N, 6.0; P, 13.49,). The
corresponding tellurium derivative was made similarly but
was found to be contaminated with the oxide. TLack of
starting materials precluded a second attempt. The
compound NPhH(PMe,O) was made by passing oxygen
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through NPhH(PMe,) in boiling toluene, and NPhH (PMe,S)
(m.p. 128—131 °C) was made from PMe,CIS, aniline, and
triethylamine in diethyl ether, and was recrystallized from
light petroleum (b.p. 40—60 °C)-diethyl ether. The
salts [NPhH(PMe,)1I, [NPhH{PMe,(SMe}}]I, and [NPhH-
{PMe,(SeMe)}]I were made by the reaction between methyl
iodide and NPhH (PMe,), NPhH(PMe,S), or NPhH (PMe,Se)
respectively.

Di-t-butylphosphinophenylamine —Lithium anilide was
prepared from aniline (0.476 g, 5.16 mmol) and n-butyl
lithium (15 mmol) in diethyl ether (30 cm?). The dry salt
was suspended in mesitylene (20 cm?). Di-t-butylphos-
phinous chloride (0.932 g, 5.16 mmol) was added and the
mixture was heated under reflux (190 °C) for 2 h. After
cooling the solid material was removed by filtration, and
distillation of the filtrate gave the compound (0.49 g, 40%,)
as a colourless liquid, b.p. 80—82 °C (1 Torr). It was
characterized by preparing the sulphide, m.p. 144145 °C
(Found: C, 62.4; H, 885; N, 5.1. C,;H,,NPS requires
C, 62.4; H, 9.0; N, 5.29%) and the selenide, m.p. 150-—151 °C
(Found: C, 53.9; H, 7.65; N, 4.2. C,,H,,NPSe requires
C, 53.2; H, 7.65; N, 4.49,) by reaction with sulphur and
selenium respectively.

The compound NPhH(But,O) was made by oxidizing
NPhH(PBut) in mesitylene with 309, aqueous hydrogen
peroxide, and the [NPhH(PMeBu?,)]I and [NPhH{PBut,-
(SeMe) }]I salts were made by the same method as the PP-
dimethyl analogues. The reaction of equimolar amounts of
P(NMe,), and aniline gave a mixture containing P(NMe,)-
(NPhH), and P(NMe,),(NPhH) which was examined without
further purification.’* The reaction between aniline and
PCI(MeNCH,CH,NMe) in the presence of triethylamine gave
P(NPhH)(MeNCH,CH,NMe) [b.p. 132—136 °C (1 Torr)] in
859, yield, and the derivatives of this were made as for the
PP-dimethyl series. The compound NPh(PMe,)(SnMey)
was made by heating NPhH(PMe,) with an equimolar
amount of NMe,(SnMe,) in benzene until evolution of
dimethylamine ceased; it was converted into the compound
NPh(PMe,S)(SnMe,) by reaction with sulphur. The com-
pounds NPh(PBut,)(SnMe;) and NPh(PBut,S)(SnMe;) were
prepared similarly from NPhH(PBut,).

1H-{ X} Heteronuclear double-resonance experiments were
made on a Jeol C60 H spectrometer operating at a proton
frequency of 60 MHz. A Schlumberger FS 30 frequency
synthesizer provided power at the resonant frequencies
(15.08, 6.07, 24.28, and 22.37 MHz respectively) of 3C,
15N, 31P, and 11%Sn, and also controlled the radio frequency
(r.f.) oscillator of the spectrometer. Samples were examined
in the solvents listed in the Table at 24 °C in tubes of 5 mm
outside diameter.

RESULTS

Nitrogen-15 and 3P resonant frequencies and chemical
shifts and the various coupling constants are in the Table.
In general these were obtained by standard methods,!® it
being assumed the !J(**N-H) is negative in deriving the
various signs. For compound (1) this result was confirmed
by comparing the signs of 1J(3*C—~H) (known to be positive)
and *J(*1PCH) by 'H-{3'P} and 'H-{}3C} double-resonance
experiments. There is no reason to doubt that this will be
the case in all the other species examined as the range of
variation of 1J(13N-H) is small compared with its mag-
nitude.l Allowance was made for the negative magneto-
gyric ratios of 1N and of 1195n in the interpretation of the
experiments. For compounds (7), (8), and (15) the absence
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of any coupling between the added methyl group and 1N
confirmed their formulation as X-methyl (X = S or Se)
rather than N-methyl derivative. There is some doubt
about the identity of compound (5) which was made by
adding tellurium to (1); some accidental exposure to the
atmosphere led to the formulation of ca. 25%, of (2) (identi-
fied by comparison of its n.m.r. parameters with those of an
authentic specimen) in the presence of which (5) was exam-
ined. The trends in !J(31P-N) and 2 J(3PCH) in the series
(2)—(3) are consistent with the proposed formulation,
although the change in passing from (4) to (5) is perhaps
larger than might have been expected.

The method of preparation of compound (20) led to its
being doubly labelled in *N and it was therefore possible to
obtain a value for ?J(3¥N-P-15N) by studying the resonances
of the protons attached to »N. The HNP®BNH fragment
constitutes two overlapping identical AA’XX’ spin systems
(associated with opposite spin states of 3!P) in each of which
J(AX) [i.e. 1J(**N—-H)] is large compared with J(A’X) and
J(XX’) and J(AA') [i.e. 4 J(H - - - H)] is effectively zero. The
proton spectrum of either sub-system therefore consisted of
two sharp lines separated by !J(**N-H) 4- 3J(**N - - - H)
and flanked by weaker lines whose positions enable one to
obtain the magnitudes of the various couplings and also the
relative signs of 'J(*¥®N-H) and 3J(*N .. -H). H-{15N}
Double-resonance experiments similar to the H-{3!P}
experiments used in a study of the (O(O,PH),}?" ion then
gave the signs of the coupling constants.1®

The selected data on compounds (25)—(31) are included
for purposes of comparison; the sign of 2J(3'P-1Hj) for (27)
is apparently anomalous !2 and indeed it has been suggested
that this coupling constant should actually be positive.1®

DISCUSSION

Our results show that the behaviour of 1K(PN) is
similar to that of 1K(PC) in that there is a substantial
positive increment in the coupling constant when the
co-ordination number of phosphorus changes from three
to four.* However, whereas opposite signs of 1K(PC) are
generally associated with three- and four-co-ordinate
phosphorus respectively, this is the exception with
1K(PN). This feature can be attributed to greater
negative contributions in the case of the latter coupling
which would imply a smaller value of Bpy than of Brc
so that the mutual polarizability =px never takes large
positive values for the phosphorus-nitrogen bond. In
contrast, in four-co-ordinate phosphorus compounds
npc 1S often quite large positive, and indeed the mean
excitation-energy approximation may provide a good
description of 1K(PC) in such species.

In percentage terms the P-N coupling appears to be
more sensitive in the four-co-ordinate compounds to
changes in the substituents than is the P-C coupling.
Compare, for example, the values of 17(31P-15N) in (3}
and (4) with values of 56.1 and 48.5 Hz in PMegS and
PMe,Se respectively.t This suggests that for the P-N
couplings changes in @gpy are playing a large part, as

14 H, J. Vetter and H. N6th, Ckem. Ber., 1963, 96, 1308.

15 W, McFarlane, Ann. Rep. N.M.R. Spectroscopy, 1968, 1,
135; 1972, 5, 353.

16 W. McFarlane, J. Chem. Soc. (4), 1968, 1715.


http://dx.doi.org/10.1039/DT9760002351

2353

1976

“I11d 03 PU0das Yy} ‘4J O} SI9YOI anea ISIY oYL ¢

11 ‘10T WO« 0T

JIWOLL 5 gL JoIWONT & ZH ¢°0T .(*HONdre) e} ‘T°6 |(CHONd e} o] :8uLx oy} qy1a pajeroosse suojord o3 Suijdno) ¢  “Juur »zz..mu_mu.»EZm_m sureiuod w “ZH ¢'0 T ¢'¢— (H-N-d-Nsui)f= ‘¢°0 F 28 (Ner-dNat) /5 1

[ I—

“PIUS 03 sane(al Wwrd'd 99 (USer)g UM ‘62T 867 L (USer)Z ‘ZH €FG = (H - - - USert)fs ‘oW 90T~ = (NUS)Y: ‘ZH ¥ F L7 — (Nar—USau:)[v 1 "TOWUS 01 aane[ar ‘wrd-d ¢'g9 (USeyy)g 20USYM “2H 0¢ TF €50 £63 LE
(USer)E *ZH 0'%G (H. - USert)[e 2-WU T'Z (NUS)H 'ZH € F 6’6 (Nar-USerr)[1 ¥ “ZH 8°GI (HO3Sdre)/s f ‘PIAI0SI SEM Ny 0) 3UI[dNOO OU UE PBOI| SEAM 30UBHOSHI 10j01d [AYaL-g 3} ‘PIATISGO sem [eudis H-N ou
toiewA[od ¢ ‘ZH 631 (H°Sdw) s ¥ 'ZH I'VT (HOSd1s)[s 8 "{1X0) 235) (7) JO SUIOS PIUTLIUOD UOIIN{OS 3Y) PUE PIZLIajorILyd ANy usaq jou seq punodwod styl 4 “2H ¢'281 (H-Jex) 1 '¢'21— = Der-d1elf1 ‘"OWIS 0} 2anE[2I
urd'd 1 61(Jgy)g UM ‘667 SPT'SE = (Der)= 2 “ZH 168 €8T 01 2q 03 UdYE] St (Ngy)E Yorysm 10y 1[*oyN] snoonbe 01 3A1R[RY p  "ZH 062 08 0F 9q 01 UNE] SI (d15)Z YIIYM 10 *Od°H %98 01 9ANE[R o "ZHI 0QI A[19EXd e
3ouru0sar uojord € 2A13 p[nom YIWIS YoIYm e [3duans pey Surzirejod e 0} pejoalrod X jo Lousnbolp jueuosss oy} S (X)= ¢ "90UAISIAI U3 JO P[AY MO O} STE SHIUS [eNWAY) “ZI g'0-F 03 93eIndde are syuejsuod Juydno) o

8'81 TEL~ 0PI~ 0°69
“ L= 0'L8 0681 €091
4 9'eT LyL— 0'91— 6°8L €98 ¥PL
b 8°81T 08— LyL— g'gL 713 LY
4 (541 ¢'9T S18—
0'61— 826
d 4301 ©“zeg—
4 Y- L'oT— 9'3¢ N
o'u *10°HD [ ol Ter— 8'6L— L9°0 g'g— yEe— % 7 889 €8T 0T gLy o1 F
“ *H'D 7'qT 8'98— 80T~ 8L 1'¢g % F 888 €81 01 €19 o1 F €15 $87 OF
“ ‘IOHD + "H’O (528 08—~ £€2°0— 95 8Ly ¢ Feeg eer 01 299 o1 F 0LV €8% OF
" *H*D £5— ¢8L— 0'LI— z¥8 679 8 T L06 €8T 01 6°66 ST F L€8 ¥8¥ OF
“ *H*D 63— Q6L— L'0T— 8'3¢ 1'0% g T 18L €€1 01 a78 o1 F 6¥0 ¥8% 0%
*H*D ¥o— 0'6L— 6°01T— 8'gg 8°6¢ g FggL €e1 01 60T 8 F 866 ¥8¥ OF
1 *H*D 30F 33T — €0°¢— 873 G663 g 099 €81 0T ¥°8¢ ¢ F ¢eI £8% 0F
¥ *H'D 13— Le 68 F1— 61L (X 4 g F 168 €81 01 068 ¢ F 208 187 0F
S[O°H) + *HD eIl £6°9T— 008 g— o1 F LIS §€1 0T $'8¢ 0¢ F oST £8¥ OF
OS* N[ He ] 0'¢L gL 0'18— £8'¥— 8'¢% 9'el % T 067 €€1 0T ¢'76 S1 F 819 ¥87 0P
{ OS"W["He ] el 31— 91— 0'LL— 3L~ ¥'el €'5— g ¥ 828 €¢101 6'89 ST F 08¢ €87 0%
§'¢‘1-*W°H®D + IOHD 344 0'¢ a'gL— 89'¢— 3'L8 a'T1 % F L9¥% €81 01 £'¢6 oT F 028 ¥8% OF
¢'g' T-OW*H"D + *IQHO 0°ST 8L g'8L— 09— 338 091 g F¢19 €€1 01 0’16 6% F 9L¥ ¥8¥ OF
¢'¢'1-aW°H*) + *ID°HO 091 Q01 G'08— €83 — 88 905 2 F 099 €21 01 €89 o1 F 09T §8% 0%
g‘e'T-"N°H'D ¢TIl 6°0T— g'08— or°31— 9°6¢ L1 1 F OIS €€T 01 ¥'Le 8 T GI1 8% OF
t f0°HD ¢ 06— yg'e— 0°LT 03¢ 8 F8L8 €¢I 01 $'29 ST F L1€ £8% 0F
Y ‘ID*'HO 31— 6'31— ¥L G'58— 86— 0% 918 g FoL8 €81 01 ¢'0¢ 8 F ¢¢8 287 07
4 fIDHD gI— 681 — 06 aP8— erg— a01 fatd g T 892 €81 01 269 o1 F 00¢ €8% 0%
*[Q°HD ¥ 8el— ¥'9 ¢'gg— £8'0— 17 0'eL & F60¢ €€101 L'8¥ ¢ ¥ 192 387 07
*ID°HD + *HD L'1— ¢p— G'6L— 0g'L— 0'9¢ £'63 ¢ F 879 ¢€101 €01~ o1 F 622087 0F
*ID°HD 01— 8'31— [ 0¢8— eg'g— ¢91 L'38 % F €89 €61 01 2'0% ¢ F 91¥ 387 OF
uexolJ 31— 831 — ¥'8 038~ 62— €11 £°9¢ 1 F Q1L €€T 0T 318 g F £98 78% OF
OS* W[ H. | 31— 81— 11t 0'g8— 10 g0— L'y T F €62 €81 01 [t ¢ F 960 8% OF
2 H*D 1'g— 6F 09— 0'18— 801 0'eg 3'8% g F 2189 €81 01 Per 8 F 08¢ 187 0F
SajoN JUIA[OS ZH £ UIU ZH ‘wrd-d zH ‘wdd ZH
(HODdx o) [ (HOANst ) fe (HN-d1e)fz (HOdie)z (H-Nat)ft (Nd)M:  (Ner—diedft 2 (Ner )@ 9 (Ns1)E 2 (dis)e o (dr )2

spuoq usgonjru—snioydsord ym sarads Jo , s1oowrered “rwrw Jip pue gT-uddoIyN

(*HIS)CId)HN (18)
*(*Jd)N (0€)

(*4d)(*Ad)N (93)
{#(*40)d}*HN (¢3)

202 38% 0F 1 [(PUN*HO*HONOWNHYJIN)SIWJ] (¥3)

aS(eWN*HO*HON?IN)(HUAN)d (£3)
S(EWN*HO*HONPI)(HUIN) (23)
(PWN*HO"HONAI) (HUAN)J (18)
F(HUd NN (05)
(HUIN)*("oWN)d (6T)
(*aWus)(S*sWd)Ud N (8T)
(W uS)(*aNd ) UIN (21)
(FoWuS)(*yngd U N (9T)
1 [{(ewes)*ngd tHUdN] (1)
1 [(*sngaNd)HUIN] (¥T)
(3s* g d)HU N (€1)
(S*ngd)HYIN (31)
(O%ngd)HUIN M:v
(*angd)HUdN (01)
“{ygN(*Hg)d"N] (6)
1 [{(o1eg) o Wd }HUIN] (8)
1 [{(eWS)* oW tHUAN] (2)
1 [{*aWd)HUdN] (9)
(01*9Nd)HUN (9)
(°S*Wd)HYdN (¥)
(S®OWd)HUAN (g)
(O*WJd)HYIN (3)
(*oWd)HYJIN (1)
punodwo)


http://dx.doi.org/10.1039/DT9760002351

2354

indeed would be expected for one-bond coupling con-
stants which are as close to zero as these. It may be
noted here that the small range of variation of 1 J(1*N-H)
in these species indicates that changes in (0)? and/or
a2 for the nitrogen atom are unlikely to be important.

Replacement of the two methyl groups on phosphorus
by But increases 1J(3'P-15N) by 10 +4- 3 Hz, .e. the
reduced coupling constant becomes more negative. The
greater bulk of Bu* compared with Me will lead to larger
C-P—C interbond angles with greater s character for the
P-C bonds and therefore less for the P-N bond. Hence
B(PN) will be smaller and the coupling constant will be
more negative. The relative constancy of the change in
1K (PN) irrespective of whether this coupling is large or
small supports the contention that it is an alteration in
B(PN) which is dominant.

The coupling 1K (PN) is appreciably more negative in
the cyclic compound (21) than in the analogous acyclic
molecules (1) and (10), and the values of this coupling
constant in (19) and (20) indicate that this cannot be due
primarily to there being three electronegative atoms
bound to phosphorus. Another possibility is the strain
in the PNCCN ring. Examination of models indicates
that this will enlarge the ring N-P-N interbond angle at
phosphorus and hence reduce the s character of the
phosphorus—exocyclic nitrogen bond so that 1K(PN)
becomes more negative. In this context it would
clearly be of interest to have values of the coupling
constant between phosphorus and the ring nitrogens. In
contrast, for the species (22)-—(24) 1K (PN) is rather more
positive than for the acyclic analogues. This can again
be attributed to interbond-angle deformation because
the constraints of the ring reduce the angle at phosphorus
to less than that normally found in phosphorus(v)
derivatives so that the s character of the P-N(exocyclic)
bond is increased.

It is also instructive to compare the P-N coupling
constants with values of 1K(PP) which have been repor-
ted in the literature. For phosphorus(irr) compounds
this coupling constant is fairly large and negative, and
also is very sensitive to changes in the bulk of the sub-
stituents on phosphorus. For example, in the series
P,Me,, Me,PPBut,, P,But, the values are —9.1, —16.2,
and —22.9 nm™3 respectively.® Additionally, there is
evidence that the dihedral angle between the electron
lone pairs on phosphorus is important.1»18 Changes of
the substituents on phosphorus appear to have much
smaller effects on 1K(PN), but the data for species (1)
and (16) and (3) and (18) indicate that 1K (PN) is sensitive
to changes in the substituents on nitrogen. The trans-
formation PH-PII —pm PII-PV has a relatively small
effect on 1K (PP) while the transformation PTI-PV —pm
PV-PV has a large effect. Thus the behaviour of 1K (PN)
is analogous to the second of these cases and suggests that
the nitrogen atom behaves as though it had no electron

17 H. C. E. McFarlane and W. McFarlane, Chem. Coinnz., 1971,
1589.

18 J. P. Albrand, D. Gagnaire, and J. B. Robert, J. 4mer.
Chem. Soc., 1973, 95, 6498.
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lone pair.  This situation would arise if the nitrogen atom
were sp? hybridized, and we therefore suggest that the
remaining two electrons are participating either in p,~p,
bonding with the phenyl group on nitrogen or in p,—d,
bonding with phosphorus. The latter type of behaviour
is now well established for many species with phos-
phorus-nitrogen bonds and would not affect the Fermi-
contact contribution to 1K(PN) directly, although it
would stabilize certain rotamers and could affect the
coupling constant in the manner outlined above. The
relatively large differences in 1K (PN) in the series (2)—(5)
may stem from changes in rotamer populations which
would effect the extent of = bonding. Such = bonding
could also lead to significant contributions to 1K (PN)
from spin—orbital and orbital-orbital coupling, and it is
not possible at present to assess the importance of these.
However, there are indications that these interactions
should be important only for coupling between very
electronegative elements (e.g. fluorine) and certainly our
results can be explained without invoking these mechan-
isms.

When the co-ordination number of phosphorus in-
creases from three to four the geminal coupling 2 J(3'PCH)
usually becomes more negative (e.g. compare values of
+2.7 and —13.0 Hz in PMe; and PMe,S respectively 4)
and this behaviour is usually attributed to the same
cause as the accompanying variations in 1](®P-13C),
This behaviour is also observed for 2J(3PCH) in the
present work, but the corresponding changesin 2/ (3'PNH)
are in the opposite direction, and it is reasonable to
attribute this difference to the presence of the inter-
vening nitrogen atom rather than to a difference in the
behaviour of phosphorus. A general theory due to
Jameson 19 shows that geminal couplings are given by a
relation of the form (1), in which the terms are defined

2K(XMY) = GSxSvy (1)
so that 1K(MX) and K(MY) would be proportional to
Sx and Sy respectively, and G depends on the hybrid-
ization and substituents of M and may be of either sign.
The behaviour of 1J(3'P-13C) and 2J(3'P-'H) when
M is sp3-hybridized carbon is consistent with Sy being
positive and G being negative, and with Sp being negative
in three-co-ordinate and positive in four-co-ordinate
phosphorus species. If M = N then the observed
changes in 2J(31P-H) can be understood if it is assumed
that G is positive. This is reasonable in view of our
suggestion above that in these species the nitrogen atom
may be sp? rather than sp3 hybridized. In certain vinyl
derivatives of phosphorus the direction of the change in
2J(31PCH) which accompanies the transformation PII
—>» PV is opposite to that normally found, and here
again we are dealing with an intervening atom which is
sp? hybridized .2

An important consequence of the rather wide range of
variation of 1J(3P-15N), especially in derivatives of
four-co-ordinate phosphorus, is that for certain sets of

1 C. J. Jameson, J. Amer. Chem. Soc., 1969, 91, 6232.
20 R. M. Lequan and M. P. Simonnin, Bull. Soc. chim. France,
1973, 2365.
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compounds the ranges for phosphorus-(111) and for -(v)
species may overlap; thus some care may be needed if
this parameter is to be used for structural work.

The phosphorus chemical shifts call for no comment
but the nitrogen shieldings display interesting features.
In the derivatives of four-co-ordinate phosphorus there
is a shift to low field as the electronegativity of the
substituents on phosphorus increases in series such as
(2)—(5) or (11)-—(13), and the t-butyl compounds all
have nitrogen chemical shifts to high field of the cor-
responding methyl one. This last feature can be attrib-
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uted to the 8 effect of the methyl groups in the t-butyl
compounds and also possibly to reduced p,~p, bonding
between nitrogen and phosphorus which would tend to
increase the amount of p.—p, bonding to the phenyl rings
in the latter.
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