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Abrtrw(--“F NMR shifrs have been obtained for the imrnophusphorancc lFC,H,l.(C.H.j, .PSC.H.X (n - I. 3) and 
fXC.H.1,PKC.H.F and for their methyl iodide salts The data for the iminophosphoranc\ indicate the prexnce ol a 
polar P=S bond. considerable electron delocaluzation from nrtrqen IO VK attached aryl rtng. and a modest degree of 
ar)l.phosphorus conjugalive inlcraction. In the sahs Ihe delocalization of lhe &c-Iron pair of nitrogen is largeI) 
curcarkd 

Because the phosphorus atom is able IO expand its OCICI. 
the system. Ar,PZ, 1, can, in principle. exist as a hybrid of 

three resonance contributing structures. Is. lb, lc, IWO of 
which involve d.-p. orbital overlap between phosphorus 

and an adjacent electron-rich center: 
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Studies of the electronic properties of methylene ylids 

(Z = XH:) and phosphine oxides (Z = -6:) by Johnson’ 

and ‘Taft.’ using “F NMR spectroscopy. have indicated a 
substantial contribution from slruclure lr but little from 
structure lc in these systems. So comparable in- 

vestigation of the isoelectronic iminophosphorane system 

(Z = -6i-Ar) has been made. although limited studies of 

trends in subslitwnt effects on the nucleophilicity and 

R 
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la: R=H 
b: R=F 

Illa: R = H 
b: R=F 

basiciry of this system suggest similar conclusions 

regarding its electron distribution. 
The objective of this work is a detailed study of the 

nature of electronic effects in the iminophosphoranes. 
using the “F nucleus as probe because of ifs demon- 

strated high sensitivity to electronic perturbations in 
aromatic systems. The “F chemical shifts of the 
iminophosphoranes, Ia. lb. Ila. IIb, as well as those of 

their derivative methyl iodide salts. IIIr. IIIb. IVa and 
IVb. were determined. Because of their ionic nature. the 

electron distribution of the latter is expected IO be 
substantially different from that of the parent imino- 

phosphoranes. 
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The iminophosphorancs. Ia. Ib. IIa and IIb. and their 
methyl iodide salts. Illa. Mb. IVs and IVb. prepared for 
this study. are new compounds which were identified by 
means of their integrated PYR spectra 

The ‘*F chemical shift of each iminophosphorane. 
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IVa: R -- H 
b: R=X 





.4 “F N.WR study of electrow CITCCIS m immopho~phorancs 

Table 4. “F chemical shifts’ of S~mcthyl~S~(fluorop~nyllimin~X~phenyl~~p~nylph~~sphonium &tides, 
IVa. and N-methyl-S-~fluorophnyl)iminoI~~X-phenyllphosph~~nium mdidcs. IVb 
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41 .., 

X(‘.HA(‘.H,),PN(CH,K’.H.F. I’ WI) lXC~H.).PhKH.lC,H.F. I Wb) 

Subrtituent. X GlX,Fm’l G(X,Fp’) S(X,Fp’-X,Fm’) 6fX,Fm’l bfX,Fp’l AGfX,Fp’-X,Fm’) 

p(KH, 
pCH, 
H 

P-F 
p<‘l 
m-F 

- - - 3.41 OU4 -2 57 
- - - 34h I.M - 2.40 

3nz - 

- 3 i? I.44 !.?R 
I.5h !.!h J I3 I .v: - 2.16 

- 

3.w - 

- 436 ? 23 -2.13 
l.Ul - !.I7 4.46 ? 54 - I.V! 

‘.Scc foo~nofcs a and h. l’able I. 

parameter (DSP) equation.’ utiliring the uR and oI scales, the chemical shifts. The order of magnitude of p and A is. 

respectively: however, invariant with concentration. 

G(mF.X) = ~(0, + Au, ) + G(mF,X),_,, la 

AG(pF.X-mF.X) = p(o, t Au,, ) + AS(pF,X-mF.X),.,, lb 

S(X,Fm) = p(a, + Aul) + G(X,Fm),.,, ?a 

AG(X,I-+X,Fm) = p(u, + AoR) + AG(X,I+X,Fm),.,. 2b 

Here u, and up (or uR) are the inductive and resonance 

potentials. respectively. of the substituent. X. The 
coefficient, p. is a measure of the susceptibility of the “F 

shift parameter IO the overall electronic effects of X. and 

A reflects the relative importance of resonance versus 
inductive potentials of the substituent in these cor- 

relations. The values of p and A. determined by the double 
regression technique for best linear tit of experimental 
data to the correlation line of eqns (I) and (2). are 

summarized in Table 5. together with the number of 
suhstitucnts (n) in each set, the correlation coefficient (r). 

and the root-mean-square deviation (rms). 

The parameters of the methyl iodide salts, III and IV. 
could also be correlated with the DSP equation (Table 5). 
although the resulting values of the coefficients have less 

significance in view of the concentration dependence of 

When the fluoroknrcnc ring is attached to the 
phosphorus atom of the PN bond in the imino- 

phosphoranc system. the fluorine atom is deshieldcd. 

relative to fluorobcnzene itself. as indicated by the 
positive values of S(mF,X) and S(pF,X) of compounds I 

(Table I). With the fluorobenrene ring at the nitrogen 
atom. electron density is furnished to the ring and the 

fluorine atom becomes shicldcd (negative values of 
S(X.Fm) and G(X,Fp): compounds II. Table 2). In 
particular, since a suhstituent. X. in mero-X-fluoroben- 
zenc exerts primarily its field effect on the “F chemical 

shift. the relative extent of dcshielding and shielding of 

the fluorine nucleus in the (m)F-C,H,-P and N&H,- 
F(m) moieties of I and II reflects the degree of 

polarization of the P=N bond. Thus. the effect of the 

quaternary phosphorus. which is comparable to that of a 
-CN substituent (S((m)FC.H,Ch’) = 2.78 ppm), and the 
effect of nitrogen in the N-C,H,F(m) system, which 
approache_s in magnitude that of oxygen in the phenoxide 

anion (6(0&H,-F(m)) = - 1.63 ppm). indicate a polar 
P=h’ bond with considerable negative charge at the 
nitrogen atom. 

Table 5. C’onelalmn of “F chemical shifts with he DSP equations. 1a.h and 2a.h 

Compound Shift Parameter P A f rms’ n’ scale 

I8 

lb 

Ilb 

bfmF,Xl 
Ab(pF,X-mF,Xl 

6fmF,Xl 
A6(pF,X-mF,Xl 

6fX,Fml 

AG(X,FPX,Fml 

llla 

Illb 

IVb 

&mF,X’l 
A&pF,X’+nF,X’) 

bfmF,X’) 

A6(pF.X’-mF,X’) 
6(X,Fm’) 

A6fX,Fp--X,Fm’l 

Ontll 
0.607 
0.94 I 
0.659 

I .8!9 

(0.6x0. 
!.I00 

(0.7oo)’ 

OR41 
0. I40 
0.831 

0.336 
!.I!0 

(0.707r 
0.964 

fO.288) 

09 0.993 

0.v 0998 
OR 0.999 
0.9 0.999 
0.5 OWV 

0.7 0.W’ 

0.: 0.W6 
I.5 0.983 
0.6 0 9439 

IO 0.9R2 
0: 0.999 

09 0.994 

0.02 ? 0. 

0.02 6 0, 

0.02 R 

0.02 r :: 
0.01 6’ on 

0.03 c n. 

0.03 7 0” 

002 7 on 

0.04 x n. 

003 8 (I. 

002 h (I, 

0.02 4 0. 

Tonelation cocRicicn1. 
“Root.mcan-square deviatan. 
‘Sumher of subrtitwnts. 
‘Data for X - CF, omitted in rhe conelalion (0.09 ppm below lhc correlation line) 
‘Value of p per substituted phcnyl ring 
‘Shift for Ila. X = F mcludcd. 
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The extent of conjugative interaction between nitrogen 

and the attached phenyl ring, and between phosphorus 
and its phenyl rings, is reflected hy the magnitudes of the 
para-mefo shift differences, AS(X.FI+X.Fm). of com- 
pounds II and Ab(pF,X-mF.X) of compounds I, rcspec- 
lively. The large negative values of the parameter for the 
N-C&H,-F system (II) imply considerable electron delo- 

calization’from nitrogen into the benzene ring. The extent 
of this conjugative interaction, however, is much less than 

it is in the phenoxide anion, despite the negative charge 

density at nitrogen (AG(X.FpX.Fm)_= - 12.81 to 
- 13.76 ppm compared to - 17.6 ppm for &C,H,F), and 
resembles the degree of electron delocalization in anilines 
(AG(Fp-Fm) = - 13.R ppm for NH,C,H.R. This result 

suggests major contributions from resonance structures 
2a and zb: 

zs Zb 

Conjugation of this type, which implies a significant 
degree of sp-hybridization of the nitrogen atom. has been 

postulated by Jackman’ for the structurally similar 
2-iminopyrrolidine system, 3: 

phosphorus (Ha. X = H to Ub, X = F) results in 
deshielding of the fluorine nucleus in the N-&H,-F 
moiety, indicating a net increa.se in positive charge at the 
phosphorus atom. 

The polar&ability of the multiple bond between 
nitrogen and phosphorus can be determined’ by the effect 
of increased fluorination of the phosphorus-phcnyl rings 
(In to Ib) on the pore-mdo shift differences, A&pF.X- 

mF.X). Polarization of n electrons of the PN bond 
toward phosphorus, resulting from increased positive 

charge at that atom, is expected to inhibit competitive n 
electron polarizations within the P-phenyl rings and lead 

to a reduction in the values of the poru-mefa shift 
differences: AG(pF,X-mF,X) - AG(pF,X-mF,X) < 0. The 

data in Table 6 show that the change in these shift 
differences with the indicated st~ctural change is 

negligible. Thus the extent of phosphorus-nitrogen mul- 
tiple bonding is approximately constant in the imino- 

phosphoranes. a situation which is paralleled in the 
isoelectronic phosphine oxides and methylene y1ids.t 

On converting the iminophosphoranes. I and II. to the 
derivative methyl iodide salts, III and IV. large downfield 
shifts of all “F resonances are observed (Tables 3 and 4). 
a consequence of the increased positive charge at 

phosphorus and nitrogen in the hyhrid of resonance 
StNCtures 4: 

The positive values of AG(pF.X-mF.X) for compounds 
I and the non-zero values of A in the correlations of 

G(X,Fm) and of AG(X,FpX,Fm) with the DSP equation. 
2, suggest the presence of conjugative pi electron 

polarizations within the phenyl rings, Ar-P. toward the 
phosphorus atom. The modest si7e of the pore-mefo shift 

difference of compounds I attests to the moderate nature 
of these conjugative interactions. Indeed. the substituent 
effect in Ar-P is predominantly of inductive origin. Thus. 

a change from phenyl to Auorophcnyl substitution at 

?Johnson’r claim of a plarilabk P=C bond in the methyknc 
)hds is bsed on an error in ~hc treatment of hi\ data 

4a 46 

X.F 

The extent of n electron polarizations toward 

phosphorus within the aryl-phosphorus rings is greater in 
the salts than in the parent iminophosphordnes. On the 

other hand. the delocalization of the lone electron pair 
from nitrogen to the attached phenyl ring has been largely 
curtailed on converting compounds II to compounds IV as 

Table 6 Change5 in chcmlcal Aft parameters with changes cn svuclurc: la to lb. IIlr IO IIlb 

M(pF.X-mF,X) G(mF.X’) A&pF,X’-mF,X’) 
G(mF,X) - &mF,X) ..U(pF,X-mF,X) G(mF,X’) - A&pF,X’-mF,X’) 

,+ G-l r-5 A 
Substctwnt. X (kxrved Calculated Observed Calculated 0bscrved obwvcd 

p-NH: 
p_NKH,); 
p(KH, 

PCH, 
H 

P.F 
m-F 
pCI 
PCN 
p.NO: 

?.l.h(NO,), 

- 0.73 - -007 

- 0.72 
0.70 0.75 ;07 

-007 
0.0: 

0 72 0.70 - 0.06 - 0.06 
0.73 0.71 - .0.06 
0.77 0.7s 0.07 -006 
0.74 - 0.01 - 
0 73 0.74 - 0.02 0.04 

0.73 0.72 - 0.01 -002 
0.72 0 72 0.01 0.0 I 
0.79 - 0.00 - 

- 
- - 

0 73 0.24 
0 76 0.30 
0.71 - 0 I5 
0.u I --0 I6 
0.72 0 I9 
079 -0.M 
0.69 -008 
0 70 - 0.06 
- 

- 

- 

Yakulated using eqn I and appropriste value\ of p and A from Tabk C 
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reflected by the dramatic reduction (cu. 11 ppm) in the 

magnitudes of the poru-mero shift differences. ?rS(X,Fp 

X,Fm) IO A&X,Fp’-X,Fm’). This result is not surprising 

in view of the unfavorahlc slructure 4~. 

The effect of increased fluorination of phenyl rings 

attached to phosphorus (IIIa to IIIb) is a reduction in the 
magnitudes of the para-mera shift differences. 
A&pF.X’-mF.X’) (Table 6). a result which implies 
increased p--d. hack-bondinp between nitrogen and 
phosphorus (structure 4s) with increasing electron 

demand at the latter. The extent of this multiple bonding. 
which varies with each salt, appears IO be dependent on 

the degree of competitive electron demand hg sub- 

stitucnts, X, in the S(CH,K’,H,X moiety. 
Although the sus~eptihility, p. of all mefa-fluoro shifts 

to electronic effects of X in the iminophosphoranes, 1 and 

II. is not grcady altered on methylation at nitrogen (III 
and IV). the response of conjugative effects in Ar-P and 
in N-Ar to cuhstituent electronic effects is largely reduced 

on salt formation. This trend may parallel the reduction in 
p.4. overlap of phosphorus and nitrogen resulting from 

this structural change. 

--rAL 

The immophosphonncs were synthesized according 10 the 
methods of Staudingcf and Horncr.‘The methyl iodide rahs were 
derived from rhc iminopho~phorancs by redunmg rhc larrer with 
exces\ methyl todidc in accto&ile for twelve hour\. then 
prccipitaring the crude qalts from hot ethanol solution with ether. 

The “F NMR chemical shifts were dctermincd at 27 5 1°C using 
a JEOL PS-100 FT spccrrcmcter operating al 93.65 MHz. Re. 
pchlivc dctermmationr of shifts gave a reprcducibili~y within 
0 04 ppm or better. 
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