Tetrahedron

Voo M. pp 107¢ 10 109 Pergamen Press 197 Pnnted in Great Brian

A ""F NMR STUDY OF ELECTRONIC EFFECTS IN
IMINOPHOSPHORANES AND IN THEIR
METHYL IODIDE SALTS

1. SCHUSTER
The Pennsylvania State University, The Ogontz Campus, Abington, PA 19001, U.S A,

(Received in the USA 28 June 1976 Received in the UK for publication 11 November 1976)

Abstract—'"F NMR shifts have been obtained for the iminophosphoranes (FC H).(C.H )y LPNCH. X (n -1, 3)and
(XC.H)PNC.H.F and for their methyl iodide salts. The data for the iminophosphoranes indicate the presence of a
polar P=N bond, considerable electron delocalization from nitrogen to the attached aryl ring, and a modest degree of
aryl-phosphorus conjugative intcraction. In the salts the delocalization of the electron pair of nitrogen is largely

curtailed.

Because the phosphorus atom 1s able to expand its octet,
the system, Ar\PZ, 1, can, in principle, exist as a hybrid of
threc resonance contributing structures, la, 1b, 1¢, two 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 = -CH;) and phosphine oxides (Z = -0O:) by Johnson'
and Taft.” using ""F NMR spectroscopy. have indicated a
substantial contribution from structure 1a but little from
structure lc in thesc systems. No comparable in-
vestigation of the isoelectronic iminophosphorane system
(Z = -N-~Ar) has been made, although limited studies of
trends in substituent effects on the nucleophilicity and
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basicity 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 its demon-
strated high sensitivity to electronic perturbations in
aromatic systems. The '*F chemical shifts of the
iminophosphoranes, Ia. Ib, Ila, IIb, as well as those of
their derivative methy! iodide salts, IIla, ITIb, IVa and
IVb, were detcrmined. Because of their ionic nature, the
electron distribution of the latter is expected to be
substantially different from that of the parent imino-
phosphoranes.

RESULTS
The iminophosphorancs, Ia. Ib, I1a and IIb, and their
methyl iodide salts, la, IIb. IVa and IVb, prepared for
this study, are new compounds which were identified by
means of their integrated PMR spectra.
The "F chemical shift of each iminophosphorane,
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determined in deuterochloroform at a 0.74 molal concen-
tration using 1.1.2.2-tetrachlorotetrafluorocyclobutane
(TCTFCB. 0.05 M) as internal reference, was converted
to the fluorobenzene scale using:

S(relative to TCTFCB) - 0.20 ppm = 8(relative to
C.H.F). These corrected shifts are summarized in Tables
1 and 2. Here §(mF,X) and 8§(pF.X) arc the shifts of the
meta- and para-fluoro-X-substituted iminophosphoranes,
Ia (n=1) and Ib (n~ 3); A8(pF.X-mF.X) is the shift
difference between corresponding para- and meta-fluoro-
X-substituted compounds, I. Similarly, §(X,Fm) and
8(X,Fp) arc the shifts of the meta- and para-fluoro-X-
substituted iminophosphoranes, Ila (n = 1) and IIb (n = 3)
and AS(X,Fp-X,Fm) is their respective para-meta shift
difference.

Table 1. "F chemical shifts*® of N-(X-pheny
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The “F shifts of sclected samples of iminophos-
phoranes (0.074 m), subjected to a 20-fold dilution, were
found to be reproducible within experimental error. It
was, therefore, assumed that the shifts of all imino-
phosphoranes were concentration independent.

The "F shifts of the methy! iodide salts, T and IV,
(0.074m in CDCl), measured relative to TCTFCB
(0.05 M) and referenced to fluorobenzene, are listed in
Tables 3 and 4. Although the "*F resonance of most salts
exhibited a significant, non-linear concentration de-
pendence. the overall trends demonstrated by the 0.074
molal samples were preserved at all concentrations.

Correlation of substituent electronic effects. The “F
shifts of the iminophosphoranes, I and IIb, could be
correlated satisfactorily with Taft’s dual substituent

Diminofluorophenyldiphenylphosphoranes, Ia, and

N+X-phenyiminotrifiuorophenylphosphoranes, Ib

FCHUCH):PaNCH.X (Ia)

(FC.H)WP=NC.H.X (Ib)

Substituent, X S(mF,X) &(pF, Xy AS(pF.X-mF,X) 8(mF.,X) &(pF.X) A8(pF.X-mF.X)
p-OCH, 220 ST 387 290 6.40 3.50
p-CH. 219 5.76 157 291 6.42 38
H w2 — — 3.00 6.57 357
p-F 2.38 6.09 3N 318 6.79 364
m-F 252 6.30 3 312 7.08 319
p-C) 283 6.32 39 326 7.03 3
p-CE, - — - 348 7.35 187
p-CN 3.03 YA Y 4.14 37 7.89 413
p-NO; 3.26 758 43 398 829 431
24,6<NO,y), 3.8 8.25 470 434 9.04 470

“Values are in ppm relative to fluorobenzene.
*Positive values indicate '°F shifts downficld from fluorobenzene.

Table 2. "*F chemical shifts™® of N<(Fluorophenyllimino{ X-phenyl)diphenylphosphoranes, fla, and
N-(Fluorophenybiminotri(X-phenyl)phosphoranes, b

XCHACH,),P=NCH.F (Ils)

(XC H):P=NC H.F (ITb)

Substituent, X 8(X,Fm) 8(X.Fp) 386(X,Fp-X.Fm) 8(X,Fm) 5(X,Fp) A8(X,Fp-X,Fm)
p-OCH, - - — -1 -1583 - 137
p-CH, - - - —188 1552 - 1367

H - - - 2169 - 1508 -13.36
pF S1S3 1467 -13.14 S RT R VRE 13.00
m-F 1S 1460 - 13.10 -1.16 - -

p-Cl - - - -108 1386 - 1281

*Values are in ppm relative to fluorobenzene.
"Negative values indicate "°F shifts upfield from fluorobenzene.

Table 3. "F chemical shifts® of N-methyl-N{X-phenyliiminofluorophenyldiphenylphosphonium
iodides, s, and N-methyl-N-(X-phenyhiminotrifiuorophenylphosphonium iodides, IHb

FCHACH)PNCHIC.HLX,
S(mF.X*) 5(pE.X") AS(PF,

Substituents, X

= ® )
1 (1la) (FC.H),PN(CH,)CH.X, 1 (LTb)
X -mF,X*) 8(mF,X") 8(pF.X") AS(pF. X" -mF.X")

p-CH, 6.14 14.10 7.96 6.90 14.56 7.66
p-OCH, 6.16 14.08 1.89 6.89 14.54 1.65
H 6.19 14.18 196 6.90 14.71 7381
p-F 6.35 1430 798 7.16 1495 7.19
m-F 6.46 14.53 8.07 718 15.06 788
p-C1 647 14.48 8.01 7.26 15.09 783
p-CF, - - — 1.37 1533 796
p-CN 693 15.04 811 762 15.65 8.03
p-NO; 698 15.15 8.17 7.68 15.79 8.11

*See footnotes a and b, Table 1.
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Table 4. ™F chemical shifts® of N-methyl-N-(fluorophenylimino{X-phenylldiphenylphosphonium iodides,
IVa, and N-methyl-N-{fluorophenyl)iminotri(X-phenyl)phosphonium iodides, IVb

XCHACH)PNCHICHF, I (IVa)
38(X,Fp*-X,Fm*)

Substituent, X 8(X,Fm") 8(X,Fp*)

(XCH)PNCHICH.E, 1 (IVD)
S(X.,Fm") 8(X,Fp*) A8(X,Fp"-X,Fm")

p-OCH, — — —
p-CH, - _ -
H — — -
p-F 382 1.56 -2.26
pCl - _ Z
m-F 398 1.81 -217

341 0.84 =287
146 1.06 -240
w2 1.4 2.28
4.13 1.97 -2.16
4.3 23 =213
4.46 284 -192

*See footnotes a and b, Table 1.

parameter (DSP) equation ‘ utilizing the o, and o, scales,
respectively:

S(mE.X) = plo,+ Aay ) + 8(MF. X)x.y la
AS(pF.X-mF.X) = p(a, + Agy ) + AS(pF.X-mF X)«.y 1b
8(X,Fm) = p(a + Aay) + (X Fm)y.y, 2a
AS(X.Fp-X\Fm) = p(a, + Aoy) + AS(X:Fp-X\Fm)x.y. 2b

Here @, and o (or ay) 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 to 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 fit of experimental
data to the correlation line of eqns (1) and (2). are
summarized in Table 5. together with the number of
substituents (n) in each set, the correlation coefficient (r),
and the root-mean-square deviation (rms).

The parameters of the methy! iodide salts, Il and IV,
could also be correlated with the DSP equation (Table §),
although the resulting values of the cocfficients have less
significance in view of the concentration dependence of

the chemical shifts. The order of magnitude of p and A is,
however. invanant with concentration.

DISCUSSION

When the fluorobenzene ring is attached to the
phosphorus atom of the PN bond in the imino-
phosphorane system, the fluorine atom is deshielded,
relative to fluorobenzene itself, as indicated by the
positive values of 8(mF.X) and §(pF.X) of compounds I
(Table 1). With the fluorobenzene ring at the nitrogen
atom, clectron density is furnished to the ring and the
fluorine atom becomes shielded (negative values of
8(X.,Fm) and 8(X.Fp). compounds L. Table 2). In
particular, since a substituent, X, in meta-X-fluoroben-
zenc exerts primarily its field effect on the "F chemical
shift, the relative extent of deshielding and shielding of
the fluorine nucleus in the (m)F-C.H~P and N-C.H.-
F(m) moicties of 1 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 (8((m)FC,H,CN) =2.78 ppm), and the
effect of nitrogen in the N-C,H,F(m) system, which
approaches in magnitude that of oxygen in the phenoxide
anion (8(0-C,H~F(m)) = - 1.63 ppm). indicate a polar
P=N bond with considerable negative charge at the
nitrogen atom.

Table S. Correlation of ""F chemical shifts with the DSP equations, la.b and 2ab

Compound Shift Parameter P A r rms" n° Scale
Ia §(mF,X) 0.881 09 099 002 7 ay
38(pF, X-mF,X) 0.607 09 0998 002 6 O
Ib §(mF.X) 0.941 08 099 002 8 O
AS(pF,X-mF.X) 0.659 09 099 002 ™ o,
[11] 8(X,Fm) 1.859 0.5 099 001 6 o,
(0.620y
A8(X,Fp~X,Fm) 2.100 07 0997 003 & o,
(0.700)
Ila S(mF,X") 0.84] 07 0996 003 7 o,
A8(pF X" -mF,X") 0.140 1.5 0983 002 7 TIx
I1ib 8(mF,X") 0.831 06 0989 004 ¥ T
A8(pF, X" -mF,X") 0.336 10 0982 003 B8 o,
Ivb 8(X,Fm*) 2.120 30999 002 6 On
(0.707y
ASX\Fp -X,Fm") 0.864 09 09% 002 4 On
(0.288)

*Correlation coefficient.
"Root-mean-square deviation.
“Number of substituents.

*Data for X - CF, omitted in the correlation (0.09 ppm below the correlation line).

*Value of p per substituted phenyl ring.
‘Shift for Ha, X = F included.
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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 by the magnitudes of the
para-meta shift differences, AS(X.Fp-X,Fm), of com-
pounds II and A8(pF,X-mF_X) of compounds I, respec-
tively. The large negative values of the parameter for the
N-C.HF 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 (A8(X,Fp-X.Fm)=-1281 1o
-13.76 ppm compared to —17.6 ppm for O-C.H,F), and
resembles the degree of electron delocalization in anilines
(A8(Fp-Fm) = -138ppm for NH.CH.F). This result
suggests major contributions from resonance structures
2a and 2b:

i D
=0 — =0
i I

2a 2b

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:

The positive values of A8(pF,X-mF,X) for compounds
I and the non-zero values of A in the correlations of
8(X,\Fm) and of A8(X,Fp-X,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 size of the para-meta 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 fluorophenyl substitution at

*Johnson's claim of a polarizable P=C bond in the methylene
ylids is based on an error in the treatment of his data.
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phosphorus (Ila, X=H to IIb, X=F) results in
deshielding of the fluorine nucleus in the N-C,H-F
moiety, indicating a net increase in positive charge at the
phosphorus atom.

The polanzability of the multiple bond between
nitrogen and phosphorus can be determined’ by the effect
of increased fluorination of the phosphorus-phenyl rings
(Ia to Ib) on the para-meta shift differences, A8(pF.X-
mF.X). Polarization of = electrons of the PN bond
toward phosphorus, resulting from increased positive
charge at that atom, is expected to inhibit competitive =
electron polarizations within the P-phenyl rings and lead
to a reduction in the values of the para-meta shift
differences: A8(pF,.X-mF,X) - A8(pF, X-mF,X) < 0. The
data in Table 6 show that the change in these shift
differences with the indicated structural 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 ylids.t

On converting the iminophosphoranes, 1 and 11, to the
derivative methyl iodide salts, Il 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 hybrid of resonance
structures 4:

X.F X.F
i & I‘-.v ..
—P=N -— ---r—T‘
| 1
CH. CH.
4a 4b
X.F
v =
— —p—V
I
CH.
4c

The extent of = electron polarizations toward
phosphorus within the aryl-phosphorus rings is greater in
the salts than in the parent iminophosphoranes. 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. Changes in chemical shift parameters with changes in structure: Ia to Ib, Ila to IId

AS(pF.X-mF.X) §(mF.X") AS(pF.X"-mF,X")
8(mF,X) - §{mF,X) - A8(pF, X-mF ,X) §(mF,X") - AS(pF. X -mF,X")
[ ] [ 1 [ |

Substituent, X Observed Calculated Observed Calculated Observed Observed
p-NH. — 0.73 — -0.07 — —
p-N(CH,); - 0.7 - -0.07 — -
p-OCH, 0.70 0.78 0.07 -0.07 073 024
p-CH, on 0.70 - 0.06 -0.06 0.76 0.30

H 0.73 071 —_ -0.06 0.71 -0.18

p-F 0.7 0.7§ 007 -0.06 0.81 0.16

m-F 074 — 0.01 — on 0.19

p-Cl 073 0.74 -002 0.04 079 -0.18

p-CN 0.73 0.7 -0.0! -0.02 0.69 -0.08
p-NO, 0.7 072 0.01 0.01 0.70 -0.06
24,6{NO,), 0.79 — 0.00 - — —

*Calculated using eqn 1 and appropriate values of p and A from Table S.
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reflected by the dramatic reduction (ca. 11 ppm) in the
magnitudes of the para-meta shift differences, A8(X,Fp-
X,\Fm) to A8(X,Fp'-X,Fm"). This result is not surprising
in view of the unfavorable structure 4c.

The effect of increased fluorination of phenyl rings
attached to phosphorus (IIla to IIb) is a reduction in the
magnitudes of the para-meta shift differences,
AS(pF. X" -mF,X") (Table 6), a result which implies
increased p,-d. back-bonding between nitrogen and
phosphorus  (structure 4a) with increasing clectron
demand at the latter. The extent of this multiple bonding.
which varies with each salt, appears to be dependent on
the degree of competitive electron demand by sub-
stituents, X, in the N(CH,)CH.X moiety.

Although the susceptibility, p, of all meta-fluoro shifts
to electronic effects of X in the iminophosphoranes, 1 and
I1, is not greatly altered on methylation at nitrogen (111
and IV). the response of conjugative effects in Ar-P and
in N-Ar to substituent electronic effects is largely reduced
on salt formation. This trend may parallel the reduction in
p.—d. overlap of phosphorus and nitrogen resuiting from
this structural change.
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EXPERIMENTAL

The iminophosphoranes were synthesized according to the
methods of Staudinger” and Horner.” The methyl iodide salts were
derived from the iminophosphoranes by refluxing the latter with
excess methyl iodide in acetonitrile for twelve hours, then
precipitating the crude salts from hot ethanol solution with cther.

The "F NMR chemical shifts were determined at 27 £ 1°C using
a JEOL PS-100FT spectrometer operating at 93.65 MHz. Re-
petitive determinations of shifts gave a reproducibility within
0.04 ppm or better.
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