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SUBSTITUENT EFFECTS ON 3P AND !*C CHEMICAL
SHIFTS OF SUBSTITUTED DIPHENYL 1-ANILINO-1-
ARYLMETHANEPHOSPHONATES AND THEIR ANIONS

SCOTT SMITH and HANS ZIMMER
Department of Chemistry , University of Cincinnati
Ohio 45.221 , U.S.A.

ECKEHARD FLUCK
Gmelin-Institut fir Anorganische Chemie der Max-Planck-Ge-
sellschaft, Varrentrappstrafie 40/42, D-6000 Frankfurt 90

PETER FISCHER
Institut filir Organische Chemie / Abteilung Spektroskopie, Uni-
versitét Stuttgart, Pfaffenwaldring 55, D-7000 Stuttgart 80

Abstract For a series of 31 novel diphenyl 1-ani-

lino-1-arylmethanephosphonates, substi-
tuted in the meta and ?ara position of the anilino
and/or the aryl ring, *'P chemical shifts show good
linear correlation with Taft's o¢° parameters, the
3p nucleus appearing better shielded in the case
of electron-withdrawing substituents. This inverse
relationship is due to a field effect of the sub-
stituent dipole which polarizes m-electron clouds
in the molecule, resulting in a higher P=0 double
bond order, and thence better P shielding. A cor-
responding shift of m-electron density is likewise
observed for the C resonances of the two diaste-
reotopic phenoxy and the anilino or aryl rings, re-
spectively, where -M and -I substituents cause a
downfield shift of para and meta, and an upfield
shift of ortho and ipso carbon resonances.

A series of 31 diphenyl 1-arylamino l1-aryl methane-
phosphonates were prepared by the method of Zimmer and
Seemuth, ! with different meta and para substituents in
the aryl and anilino ring, the only restriction being
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that in disubstituted derivatives both groups be either

meta or para.

0 R2
i
[PhO],P —CH —NH —@ R', RZ = H
m,p-Br
m,p-OCH;,
m,p_N02

Rl

S1p resonances in this series are shifted more and
more upfield as the electron-withdrawing potential of
the substituents increases. Such an inverse correlation
has likewise been observed for benzenephosphonic acid
derivatives with different meta and para substituents,
and explained in terms of varying P=0 p"dTr bond order.?

For all 31 1—anilino—1-arylmethanephosphonates,31P
chemical shifts show good linear correlation with Ham-
mett Om,p * and even better with Taft o¢° parameters over
the whole range of substituents, OCH, to NO,; o values
are additive for disubstituted compounds (see Figure 1).
The 3.5 ppm variation in &§(*P) must be due to an induc-
tive or field effect since resonance interaction between
the substituted 7 system and the P=0 group is not possi-
ble.

Thus, in the 1-(4-nitrophenyl) derivative, the po-
werful NO, dipole induces a corresponding polarization
in all the w-electron clouds of the molecule: phenoxy,
anilino, and P=0. The respective shift in m-electron
density results in a deshielding of all para and, to a
lesser extent, meta aryl carbon atoms, and a concomitant
high-£field shift of all ortho and ipso carbon resonan-
ces (see Fiqure 2). Since the P=0 double bond is (a) clo-
ser to the dipole, and (b) more "receptive", the effect



07:43 30 January 2011

Downl oaded At:

S1p/13C NMR OF 1-AMINOARYL-1-ARYLMETHANEPHOSPHONATES 329

&
: C
o | A A A A
- A
L \ +\‘*\++*'
©
2 “in
p o+ S :
<+ | 1T+
— i +\
TN B
:{; b \A\ﬁ
oS} \%\
- 1N
o I gtn;;1ga —_
o [ @§‘-A
3 \

-1 ) 1 2
AT o®

FIGURE 1 Plot of *'P chemical shifts (0.3 M solu-

tion in DMSO-d¢) of the neutral phosphonates (A) and

the corresponding anions (B; for the 1-(4-nitrophe-

nyl) derivatives, C) versus Taft o° parameters .
(in ppm) is more pronounced in 3!P than in !*C resonan-
ces. Polarization appears much attenuated in the p-bro-
mo compound, and is reversed in the case of a p-methoxy
substituent where the +M effect of the OCH, group pola-
rizes the aryl 71 cloud in the opposite direction.

The corresponding anions were generated by adding
1 equivalent of 0.5 M LDA to DMSO solutions of the re-
spective neutral phosphonates. 31p chemical shifts for
the anions also correlate well with the electron-with-
drawing potential of R!,R?), the best fit again being ob-
tained with Taft o° parameters. They are shifted upfield
5-6 ppm from the values for the neutral compounds - with

the notable exception of the p-NO;-aryl derivatives (see
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FIGURE 2 %P and !PC differential shifts (A¢) for
diphenyl 1-anilino-1—(4—nitrophenyl)methanephogPho—
nate relative to the unsubstituted compound (R¥ =H).

Figure 1, C). Here, the nitro rather than the P=0 group
will accomodate much of the negative charge.

In CDCl,;, vicinal *J(CH,NH) coupling normally is
washed out by rapid NH proton exchange. At ambient tem-
perature, it is observed only with strong -M substituents
on the anilino moiety, e.g. p-NO,, p—-CN, which reduce the
basicity of the NH lone pair by resonance interaction.

In a few cases, but never with derivatives bearing elec-
tron-donating substituents, NH exchange can be frozen

out at lower temperatures. In the more polar solvent
DMSO, on the other hand, CH,NH coupling is always visible.
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