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The structure of anionic species formed from diethyl benzyl- and cyanomethylphosphonates (2 and 3) has been
determined by 1H, 13C, 3P, and "Li NMR. From !Jpc, 1Jcn, and 8¢, values, as well as the sign of 2Jpy, it appears
that the anionic carbon is planar and bears a high negative charge, as the corresponding carbon of salt-free P ylides.
Some charge delocalization into the phenyl ring takes place for the benzylic derivative 2A,Li*; however, such a con-
jugation with the CN group is less efficient for 3A,M*. In the nitrile case, the cation and solvent effect study shows
that loose ion pairs are formed in MeSO while in THF and pyridine more or less aggregated tight ones exist. On
going from tight ion pairs to loose ones, there is no loss of C; planarity as the decrease in 'Jcy is accompanied by

an increase in Jpc.

The reaction of anionic species formed from phospho-
nates 1 toward aromatic aldehydes or a-enones has been
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studied in one of our laboratories.! It has been observed that
the stereoselectivity and regioselectivity of these reactions are
highly dependent upon the nature of the cation associated to
the base used to generate the anionic species. Therefore, the
possibility of the presence of different structural forms has
been raised.

Moreover, the structure of phosphorus ylides, which leads
to the same type of reactions with carbonyl compounds, has
been widely investigated recently. It has been shown that the
carbon atom adjacent to phosphorus of these reagents is pla-
nar or nearly so by X-ray determination.2 However, 13C NMR
and photoelectron spectroscopy?-7 studies indicate a sub-
stantial negative charge on this adjacent carbon, which was
quite unexpected.

Therefore, it seemed interesting to investigate the structure
of anionic species formed from diethyl phosphonates to de-
termine both if there is any relationship between the reagent
structure in solution and its chemical reactivity and if the
structure of these species is as peculiar as the ylidic one.

In the present paper, we study two types of anionic species
in solution by H, 13C, 31P, and “Li NMR spectroscopy: one
is formed from diethyl benzylphosphonate (2) in order to point
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out the influence of the (EtO);P(0O) moiety on the charge
delocalization into a phenyl ring; the other is formed from
diethyl cyanomethylphosphonate (3), which was used in our
previous studies.! In this latter case, we shall examine the
associated cation (Li*, K*, cryptated K*) and the solvent
(THF, pyridine, Me;SO) influences on the anionic species
structures.

Previously, from a tH NMR study in pyridine and IR in the
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solid state, Kirilov and Petrov® concluded that several dif-
ferent anionic species can coexist from 3. We have recently
published a preliminary communication® on the structure of
related anionic species formed from diethyl carbomethoxy-
methylphosphonate; this study is still under investigation.

Results

The anionic species have been prepared in the same way as
for the chemical study: by the action of n-BuLi on 2 and n-
Buli, LiOt-Bu, or KOt-Bu on phosphonate 3 dissolved in the
required protio or deuterated solvent (THF, MesSO, or pyr-
idine). [2.2.2]cryptand (1.2 equivalents) was eventually added
after formatich of the K+ associated anion. Solution concen-
trations are from 0.25 to 0.5 M; no important change is ob-
served in this range. Furthermore, these solutions are gener-
ally stable at room temperature under anhydrous conditions
in an argon atmosphere (up to 5 days), though in some cases
precipitation is observed after several hours in THF.

(A) 'H, 13C, and 3P NMR Spectra. 3!P chemical shifts
were determined by double resonance 1H {31P} experiments.10
By irradiation at a single 1P frequency, the H; doublet and
H, multiplet give rise, respectively to a singlet and a quartet.
In some cases, the relative signs of 1Jpc, and 2J/pcy, have been
obtained by off-resonance 13C {{H} experiments.!! From 13C
proton-coupled and off-resonance decoupled spectra, it is
evident that C; bears one proton in the anion.

(1) Anionic Species 2A from Diethyl Benzylphospho-
nate. Using n-BuLi in THF or in THF-HMPA (5 or 8 equiv),
a single species is observed. 'H, 31P, and 3C chemical shifts
are summarized in Table I and the coupling constants in Table
II. Our figures for diethyl benzylphosphonate (2) are very close
to those published by Ernst!Z and Gray,!3 though the spectra
were run in a different solvent.

The main features of our results are the following. On going
from 2 to 2A, one can notice (a) an upfield shift in Hs, Hy, Cs,
and Cs, a small change in the C, chemical shift according to
the solvent, and a downfield shift in 'P resonance and (b) a
great increase in !Jpc, and !J¢,y, an increase in 2Jpc, and
3Jpcy, and a slight change in 2Jpc, and Jpc,. The 2Jpcy, and
1Jpc, coupling constants bear the same sign in 2A and have
opposite signs in 2,

In the presence of HMPA, the signals are better resolved
so that a 4Jpc, coupling can be observed.

(2) Anionic Species 3A from Diethyl Cyanomethyl-
phosphonate. Using a hexane solution of n-BulLi, dried or
sublimated LiOt-Bu, or KOt-Bu, a single species is formed
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in the three solvents used.4® By addition of a few drops of
water anion 3a is not protonated, though addition of two drops
of CF3COOH in the NMR tube gives back only 3.1H, 31P, and
13C chemical shifts are summarized in Table III and the cou-
pling constants in Table IV, The 13C parameters of the nitrile
3 are similar to those previously published without sol-

Pl e = g vent.13
EEE °e < 3 In pyridine-ds, the 'H spectrum exhibits a well-resolved
Bl <« = uptield doublet which has been assigned to H, by a 1P de-
g e < by coupling experiment. Such a doublet is not observed in
3 MesS0-dg; this lack of signal is due to an H-D exchange with
" o = . 3 E solvent, as (a) the formation of partially protiated Me.SO @s
S ESsd S K observed, (b) the !3C spectrum shows that the C; doublet is
s=Is fog further split into 1:1:1 triplets due to a C-D coupling, and (c)
_ _ "E when the anion is generated in protiated MesSO, the H,
&S f 8 f = gll(;lbletdis effectively observed; it collapses into a singlet by
“l=g1w T 8 31P irradiation.
+ e - :*; In THF or THF-dg, the H; signal is never observed; the C;
| - -~ :f doublet is observed only when noise decoupling of protons is
ps S AISGE 3 performed. This phenomenon is due to proton exchange, as
3 SlgaTg T 3 a broad doublet of doublets can be detected when the '3C
2 It proton-coupled spectrum is run at —40 °C (3A,Li*) or at room
& = _ E temperature (3A,K*). This exchange process did not allo'w the
2 4 TotSd F L accurate determination of 'J¢ u, in this solvent. As it is not
g S 8B TS T = possible to run high temperature spectra in THF, we could not
g - - £ determine if such an exchange involves traces of starting
: _ 2 material, dianion, or some species formed from the solvent.
g 4 es5os f hd Up to our knowledge, such an exchange has not been observed
) FlgaT % n ; for any lithiated species in THF. ‘ '
3 SEe= < Inbthe é)resen((i:e 3%2.2‘.2]tc}§y}ignd,1%l(130f thet dlff]iﬁm;;gél:i
3 = can be observed either in the 'H or 13C spectra. u
E Y U that in these conditions a better resolution is achieved, and
C R I B - = the nonequivalence of the two Hy protons can be seen in
2 ZZLE T OE pyridine (ABKj3 system with 3!P irradiation).
= 5 On going from 3 to 3A the main features of our results are
§ R = the following: (a) a large upfield Hy shift in pyrid_ing and
X s =en $ % Me;SO even when K* is cryptated; (b) an upfield shift in Cy,
= IXEE = and a downfield shift in 3!P and Cs, the latter being weakly
= ; affected by cation and solvent changes; and (c¢) a great increase
2 = & 2 in 1Jpc, (90-100 Hz depending on the associated cation and
E V\ G-I the solvent), a great increase in 1J¢,m (25-30 Hz), but no no-
2 2RiE IF ticeable change in 2Jpc,. As previously, there is a slight change
2 § in 2Jpc, and 3Jpc,. Furthermore, lJpc, and QJ_pcm are of
5 3 - = opposiﬁe Sigrll\/[iﬁ 3.Swhi1e th%}‘]hbe"a[f tl;le samelsi},lgx; in %AzxA -
— 2 o R = (B)’LiN pectra. The "Li chemical shifts o M,
3 Sl Is IZ N T g 3A,MT, and 9A,M* (M+ = Li*) for comparison are reported
B lesd — 5 in Table V in THF and MesSO, except for 2A as the anion
£ § could not be generated by the action of {-BuOLi on 2 in the
© ) 3 = “2 latter solvent. All of the signals appear at higher field than the
Eo S gy = £ reference values (external LiCl in D20 1 M), though they are
= 3 RAB RIS E . at lower field than LiC104(0.5 M) in the same solvent. While
= & E the three species have different chemical 7Li shifts in THF,
‘ = = 2§ though very close, 3A and 9A have the same chemical shift in
RIS I =2y [(C2H50),P(0)CH-COOCH,] - Li*
< _ 28 9A
£ 3 £3 8%
2B mE 2 Fé 5 8 % Discussion
R i’ !
i E=Ee & E '% Due to the high concentration used in this work, the species
- :_: E T & observed are mainly ion pairs which can be more or less ag-
g < < N E gregated. The improved resolution of the signals in the pres-
el N N 3 ence of either HMPA or cryptand suggests the breaking of

these aggregates.

It is generally admitted4 that lJcy values mainly depend
upon carbon hybridization. For instance, when comparing
hydrocarbons and the corresponding organolithium com-
pounds, a flattening of the lithiated carbon induces an increase
in lJcy (PheCHy — PhoCHLI). However, a decrease in 'Jcy
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Table I1. Coupling Constants (Hz) of Diethyl Benzylphosphonate (2) and Anionic Species 2A,Li*

solvent concn, M
compd  (base) Ypc, ZJpc,  3Jpc,  pc,  PJpcg A SJpcy  2Jpmy YWem, H 1C
2 THF +137.4¢ 8.7 7.2 2.5 36 6.2 5.9 -21.7¢ 127.0 0.5 0.5
2A,Lit THF +224.80 13.5 15.7 c <12 3.7 8.1 +17.8% 150.5 0.25 0.5

(n-BuLi) (+87.4) (+4.8) (+85) (—=2.5) (+2.2)  (+39.5) (+23.5)
2A,Lit THF- +2926.6° 12.8 16.0 1.8 <12 4.0 8.1 +17.8 0.4 0.4

HMPA

(n-BuLi) (+89.2) (+4.1) (+8.8) (-0.7) (—2.2) (+2.2) (+39.5)

¢ From!3C {IH]} off-resonance experiments, 'Jpc, and 2Jpy, are of opposite sign in phosphonate 2. ¢ From 13C {1H} off-resonance
experiments, 1/pc, and 2Jpy, bear the same sign in anionic species 2A,Li*. ¢ Unresolved.

has been interpreted in terms of no hybridization change but
an increase of effective nuclear charge (CH4 — CHsLi). This
conclusion is in agreement with X-ray determinations, which
indicate that the lithiated carbon is indeed pyramidal for
CgHsLi.15

The 13C NMR data concerning tetracoordinated phos-
phorus compounds indicate that 'Jpc is mainly dependent
upon carbon hybridization,3-6:102.16 more specifically, a
comparison of phosphonium salts with the corresponding
ylides, the C;’s of which are planar,2 shows a great increase in
LJpc.3-8 By theoretical calculations, Albright!€ directly related
the magnitude of this coupling constant with the percent s
character in the hybrid orbital on the carbon comprising the
P-C bond.

Furthermore, literature data®»17 indicate that the sign of
2Jpcn depends upon the central carbon hybridization: if this
carbon is sp® hybridized, 2Jpcy is negative;172 if it is sp? hy-
bridized, ?Jpcu is positive.!”-d As for tetracoordinated
phosphorus derivatives, 1Jpc is positive, whatever the carbon
hybridization is3210a.17a.18 it follows that 1Jpc and 2Jpcy will
be of opposite sign if the carbon is sp? hybridized and of the
same sign if it is sp? hybridized.3»

Therefore, we have three criteria at our disposal to evaluate
the planar or pyramidal geometry of the anionic carbon:
AlJpe, AlJcy, and the sign of 2Jpcy.

For a carbon atom, in a given hybridization state, numerous
attempts have been made to correlate 13C shift with electron
density.!® However, this has been strongly questioned re-
cently, but it seems that the validity of such a correlation is
well established for para carbons of aromatic rings;2® we shall
then discuss the values of the other 13C chemical shifts in a
qualitative way.

(A) Lithiated Diethyl Benzylphosphonate (2A). The
three criteria, based on coupling constants, all indicate that
the carbanionic Cj is planar. Therefore, it can safely be com-
pared with diphenylmethyllithium (4),21ab lithiated sulfoxide
522 or sulphone 6,22 and phosphorus ylide 7,5¢6d for which C;
is also planar. For a comparison of these various species, we
shall examine the chemical shift differences (A8) between the
lithiated or ylidic species and the parent protonated ones.

If the chemical shifts variations in C; and Cs, as indicated,
are very similar for 2A, 6, and 7, slightly different for 5, they
are quite different from those of diphenylmethyllithium (4).
In this latter case, C; is strongly shifted to lower field while
the high field shift of the two equivalent para carbons suggests
that the negative charge is strongly delocalized into the aro-
matic rings (2Aé¢, = —38 ppm). For 24, 5, and 6, it seems that
charge delocalization from C; to the aromatic ring is rather
limited; the C; chemical shifts of 24, 5, and 6, imply that these
sp? hybridized carbons should bear a large amount of negative
charge.

In the case of 2A, the loosening of anion-cation interaction
by HMPA addition induces a slight low field shift in C; and
a high field shift in Cs, but smaller than that observed by
Eliel?? for dithiane anion 8. Therefore, the presence of a

©\01"H Li* ASc, = +34.4 ppm (THF)
5 @ A8¢, = -19 ppm (THF)
4
s O\
C,"-H Li* A8¢, = +6.7 ppm (THF-C,D,, 4:1)
CH3_80/ A8, = -15 ppm (THF-C,D,, 4:1)

¢ -H Lt A&C = -1.9 ppm (THF-C,D,, 4:1)
Vs AS¢! = -14.4 ppm (THF=C,D,, 4:1)
CH3-802
6
° @
C, -H Ab¢ = ~0 ppm (C,Dy)
Pm;/ Abc, =-15 ppm (C, D.)
7

ASC = -14 ppm (THF)
ASC = -23 ppm (THF-HMPA)

Y~
.On,

(Et0),XO)
2A

A&c = +0.34 ppm (THF)
ASC = +4.64 ppm (THF-HMPA)
Ab¢! = -14.8 ppm (THF)
Abc, = -18.4 ppm (THF-HMPA)

T-H Li*

phosphoryl moiety « to the carbanionic carbon inhibits
somewhat charge delocalization into an aromatic ring, an ef-
fect which is reminiscent of the ylidic case 75¢6d and might
suggest a PT—C~ type of stabilization of these two kinds of
species as proposed by Bernardi, Wolfe, and co-workers by ab
initio calculations.24 Such an analogy is in line with the 31P
chemical shift, as we observe an important downfield shift on
going from 2 to 2A (+20 ppm), which could partly be attrib-
uted to a positive charge increase. On going from a phospho-
nium salt to the corresponding ylide, where no P hybridization
or important charge changes occur, one cbserves a slight high
field 31P shift (—5 to —~10 ppm).5e:25

The HMPA addition effect shows that in THF there is an
interaction of Li* with the p C; orbital which polarizes the =
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system toward this carbon,2® thus accounting for its shielding
in the absence of HMPA. However, from 7Li chemical shifts,
the possibility of an interaction with the aromatic 7 system,
according to literature data for benzyllithium,!4b can be ruled
out as a high field 7Li shift for related compounds is not ob-
served in the present case.14b-27

o . o~ g Therefore, in THF a structure analogous to «a-lithio sul-
=) o] [ToR e} [te) 2] 2] [Te] ] 3 28 i i i Ll -
E 5 LIS &2 08 8 28 2 2 2 3 foxides?® can be assigned, probably involving an O--Li inter
S A= 0------- Li
B 588 8 § &8 § » § 8 73 ;
i S S o S o S o o = EtO H
=] N ol
_— o~ - e~y - T o p—_
o~ [ N ©° [N D o0 ol [+9]
- s\ o~ o <t C\! [aN] CV.E P (
S 8 8 S 8 o o o «
4 f I I i g B A\©
© S T o o ol 20 (= ['r3 ¥ = < —
e & & & § &8 & o S . . . . .
S d @ = ¥ & & & & > action, as evidenced by the upfield 3'P chemical shift observed
+ — o — — — — — — — — “< . . . . .
= g when weakening ion pair interaction which occurs on HMPA
< . addition.
” & &£ & & & 5 & < g (B) Anionic Species 3A from Diethyl Cyanomethyl-
g P e - o .
.g A | | , i | Co [ = phosphonate. The results, on the whole, especially the very
b — — ~— R — g — - =4 . .
g o n o o ® o m = s large increase in 1Jpc (90-100 Hz) and 1J oy (25-30 Hz) when
2 Srae 2 2 £ @ 2 2 g € d to starti terial 3 Il as the 2J i
4 fgdg ¢ & ¥ % g g & = compared to starting material 3 as well as the *Jpc,u sign
- ) . o change, show that C, is planar or nearly so in 3A,M+.
.E ;?. g The large upfield shift of this sp? carbon atom (5¢, 3.5, Aé
< ] :;7 ;-5 ) 3" ;gf gn Eo = g = —12 ppm) il‘ldicat'es that C; begrs a lgrge. electron_ dens,_ity.
T T8 & € € ® x $ £ 2 A further confirmation that the high shielding of C; is mainly
= 3 + £+ + + + + + + & % due to a charge increase and not to a AE variation comes from
~ 5 T T T T T T = Z S| 4 1ot :
2 SELL & & £ H S S 4 g A the fact that H; proton sh.leldmg also increases (A(SHl = —.2
% rEEE X R R g2 g ¢ § T to-3 pptm). The C; negative charge appears to be higher in
g Ak . 2 S 3Athanin2A (Aéc, = +4 to~0 ppm, A6 H, = —0.8 ppm). This
= = 'g result is suggesting that the CN moiety is less efficient than
@ =T 3 R T BT = D OB = 0 Ph in delocalizing the negative charge; it is also less efficient
_g - T - S R S Y N Y =l 8 &
4 T B R S S B B £ - than the ester group, as we have shown® that for chelate 9A
EIS C T T T T T T T Fs .
% FEET = 7 r r = = = g -0
2 QERe & § 85 & & & & 52 Et0_ O
E SEZS X % 6 b 5 s 8 &g N\ \J
: 28 PNpZON o ~CH,  (CHO)LPO)CH,CO0CH,
@ =
& n Fan ~ - &3 B0 | 9
—_ £ Do o~ d o
= § = 288 ¥ § § & 3% H
= N s & F3E B s ¥ F &=
® = ] I -+17 < 1T < 1 &g 9A
& < - - s << 1 < 1 < z =
- ¢ = 0 ~ — ~ > < . . . .
E < ﬁ' g = § :“f € = I 2 ch R Qf C, is shifted downfield (+5-6 ppm) when compared to starting
It T T S S S S by IN material 9. Such a poor electron-withdrawing effect for the
@ = "= CN moiety has already been observed in the 13C NMR spec-
= ~ 232 trum of the cyanobenzyl carbanion.2®
= R 3 23 y enzyl carbanion.
w 8 2 = 3 T From the Cy chemical shift in 3A,M*, it appears that the
8 5 cli "I\l cT: T o contribution of the resonance allenic form 10, as suggested by
‘E «© - - = et g % Kirilov and Petrov,8 seems to have a negligible weight since
& ™m0 I < S o~ . s
£ S n © & = 8 this carbon should be strongly deshielded.3¢
(&) [arRacKar] — - < < g ,‘_:: 0
p—t = @
= =R
—_ = —_ — —_ - —_ —_ = 2z -
= 32 222238 5% (CHO0LP—CH=C=N" M*
~ . AN N A e & A 8y . 2
= z + *+ + F *F * ¥ o+ w 2
P ~— ~— —~— ~— ~— ~— ~ ~— - -
oA R T S T T B T g =< 10
s2ey T g £ 3 9 9 3 Ay - . .
g8 An ab initio calculation of species 11 also indicates that when
¢ m mm o~ = = &8 HO.
2 T KK K KK s 3 3 %% AN
g% C © 0.0000Q0 = Coo F& P—CH—C=N
28 et 2SR ERE Rl nle RRE < g
SSI T IETRIRTR A FARITNZA A o & HO |
FESFS RS RASESEsREREEs §E 0
= + * =g
g < = - 1
R
S| e 5 fe “ C, is planar, the nitrile bond remains short, as expected for

a triple bond (1.174).32 The 31P chemical shift variation to low
field (Aé = 25-30 ppm) suggests that there is some positive
charge on this atom, though an angular change can also in-
tervene.3® The fact that the screening constants decrease for
31P, Cy, and Cy but increase for C; and Cy favors a charge al-
ternating structure®3 such as 12.
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Table IV. Coupling Constants (Hz) of Diethyl Cyanomethylphosphonate (3) and Anionic Species 3A,M*

solvent concn, M
compd __(base) Ypc, %Jrc, 2Jpcy 3Jpcy 2Jpy, YJon YJom, H 18C
3 THF +141.7 11.3 6.1 5.3 -21.1 135.4

py-ds +140.4 11.3 6.2 5.3 -20.8 0.26 0.51
MesSO-dg +138.82 11.1 6.3 6.0 -20.8¢ 0.25 0.47
3A,K* THF 233.5 (+91.8) 124 (+1.1) 49(-1.2) 7.5(+2.2) 166 (+30.6) 0.25 1.0
(t-BuOk) |
py-ds 234.0 (+93.6) 12.0 (+0.7) 5.0(-1.2) 7.5(42.2) +5.1(+25.9) 163.8(+28.4) 0.25 0.5
(t-BuOK)
py-ds¢ +236.5% (+96.1) 10.8(-0.5) 5.0(-1.2) 7.5(4+2.2) +5.0°(+25.8) 160.8 (+25.4) 2.8 0.26 0.5
(t-BuOK)
Me SO +235.5% (+96.7) 11.0(=0.1) 5.0(-1.3) 17.2(+1.2) +5.0°(+25.8) 161.3 (+25.9) 2.9 0.37 0.5
(t-BuOK)
MeoSO°  235.7 (+96.9) 10.3 (=0.8) 5.0(—1.3) 7.2(+1.2) 160.4 (+25.0) 037 0.5
(t-BuOK)
3A,Li* THF 242.5 (+100.8) 125 (+1.2) 49(-1.2) 7.5(+2.2) 0.5 0.37
(n-BulLi)
THF 241.8 (+100.1) 117 (+0.4) 4.5(-1.6) 7.5(+2.2) 0.25 0.37
(t-BuOLi)
MesSO 238.7 (+99.9) 11.2 (+0.1) 5.2(~1.1) 7.5(+1.5) +4.9(+25.7) 161.5(+26.1) 3.1 037 0.5
(t-BuOLi)

@ From 13C {'H] off-resonance experiments, 'Jpc, and 2Jpy, are of opposite sign in phosphonate 3. ¢ From '3C {'Hj off-resonance
experiments, !Jpc, and 2Jpy, bear the same sign in anionic species 3A,K*. ¢ Run in the presence of 1.2 equiv of [2.2.2]cryptand.

Table V. ’Li Chemical Shifts 2 of 2A,Li*, 3A,Li*, and 9A,Li*

compound LiClO4 2A,Lit 3A,Li* 9A,Li*

solvent THF MeoSO THF? THF?® Me,SO¢ THF? Me,SO¢
6 -1.0 -1.3 -0.5 -0.9 -0.3 ~0 -0.3
W12 (Hz) 2.5 2.5 11 6.5 8.5 <5 7

@ g1, is in parts per million from external LiCl/DgO (¢ = 1 M). Negative 6 values are in the direction of decreasing frequency. Con-
centrations are 0.5 M in the indicated solvent. ® n-BuLi was used to generate the anion. ¢ ¢t-BuOLi was used to generate the anion.

5t 5+ 5+/N tion.2b:18 Both variations indicate a change in the valency
C angles around Cy, which still remains planar.
(C3,-—C._,,—O)2P(O)_ 2 31 ' . . .
N6 N The C; and 31P chemical shift variations on going from loose
o \ o f ‘7\ C, to tight ion pairs might be due either to deaggregation phe-

| 7
H
2

This fits with Bell’s proposal®! that anions « to nitriles
should be stabilized by an electrostatic >C™—3*C=N¢" in-
teraction rather than by charge delocalization into the triple
bond. However, the infrared vibration v P — O is nearly the
same for 3 and 3A,M™;34 this lack of variation is not in ac-
cordance with a P*-O~ structure for the 3A,M* phosphoryl
moiety. This disagreement between NMR and IR results
remains still unexplained.

The cation and solvent effects are not very large, but it is
known that NMR parameters are not very sensitive to these
phenomena.26:38

(1) In the case of K+ as the associated cation, the NMR
parameters of the anionic moiety are similar in Me;SO in the
absence and presence of [2.2.2]cryptand as well as in pyridine
in the presence of [2.2.2]cryptand. Therefore, in these cases,
the anion-cation interaction is weak, indicative of a loose ion
pair in Me,SO. In THF and pyridine, the variations of the
parameters suggest the presence of more or less aggregated
tight ion pairs.

1Jpc and 1J ¢y variations indicate that for loose ion pairs
AlJpc is maximum (+97 Hz) while AlJ ¢y is minimum (+25
Hz); the reverse is true for tight ion pairs (AlJpc = +92 Hz,
AlJey = +30.6 Hz). At first sight, the decrease in 1Jcy on
going from tight ion pairs to loose ones could have been at-
tributed to a pyramidalization of C1.14®» However, the parallel
increase in lJpc is not consistent with such an interpreta-

nomena or to intramolecular effects, and they are difficult to
discuss at the present time.

(2) In the case of Li* as the associated cation, the pa-
rameters of the anionic species in MegSO are very close to
those of 3A,K+ in the same solvent; one is also dealing with
loose ion pairs, a fact which is confirmed by “Li chemical shifts,
which are independent of the associated anion nature. How-
ever, lJpc is a little larger than with K+ (3 Hz). It is even larger
in THF, although it is minimum when M = K+. This anormal
behavior is in contrast with C, chemical shift variation, the
Aé of which increases for both 3A,Lit and 3A,K+ on going
from Me;SO to THF. Both trends suggest that the cation-
anion interaction is different for the two kinds of tight ion
pairs; the interaction of Li* with the CN group should prob-
ably be stronger than with K+, in line with previous results
of the literature on Li* affinity for nitriles3® and on the effect
of the CN moiety on the structure of Na* and Li* 9-cy-
anofluorenyl ion pairs in THF or DME .36

Conclusion

From NMR results, it appears that the stable phosphonate
carbanions formed from benzyl- (2) and cyanomethyl phos-
phonates (3) have structures which are analogous to P ylides;
C; is planar and bears a high negative charge, with the pr-d=
interaction, if it exists, being unable to promote an effective
charge delocalization.>c The stabilization of these species
seems to involve a P¥-C~ interaction.?* Such a structure is
rather unexpected in light of the usual concepts of organic
chemistry as it is generally admitted that the stability of
charged species increases with charge delocalization.

The benzylic species 2A,Li* structure is very similar to the
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lithiated benzyl sulfoxide one?2-28 in THF. Though the C;
carbon is planar, its negative charge is only partly delocalized
into the aromatic ring, even in the presence of HMPA.

In the nitrile case, the anion keeps nearly the same geometry
whatever the associated cation and solvent are. The C;™—
8*C,==N?" moiety has a structure which is very reminiscent

>C,=0=0 <« >C —(C=0"

of ketenes and diazoalkanes,?® with the C; nucleus nearly as
strongly shielded as that of ketene (6¢, 2.5).

In MesSO, 3A,M* are loose ion pairs, while in pyridine and
THF they are tight and more or less aggregated in the range
of concentrations used.

In THF, the location of the cation seems to be different for
Li* and K+, This leads to an interpretation of the different
stereoselectivities we previously observed when reacting a
cyanomethylphosphonate anion with benzaldehyde?¢ using
either Li* in THF and K* in HMPA or K* in THF. In the first
two cases, the cation is unable to participate in the approach
of the aldehyde to the anionic site, as it is too far from the re-
active carbon; in the later case, a cationic bridge can take place
between the aldehyde carbonyl and the anion so that the rel-
ative orientation of the two approaching reagents can be dif-
ferent.?7

Experimental Section

NMR Spectra. 'H and 13C spectra were recorded on a Varian
XL-100-12 W.G. spectrometer. The temperature of the probe was 31
+ 2 °C. 'H and 3C chemical shifts were measured with Me4Si as an
internal reference. 'H spectra (100 MHz, 5-mm tubes) were studied
using the CW mode. The 'H resonance of Me,Si was used to provide
the field frequency lock. Heteronuclear double resonance experiments
TH-{31P} were performed by irradiating 3'P at 40.5 MHz with the XL
gyrocode decoupler. The 3'P irradiating frequency was determined
using an Eldorado-Varian frequency counter, and 3!P chemical shifts
relative to HsPOy4 were calculated as previously déscribed.0

13C gpectra (25.17 MHz, 10-mm tubes, 2H lock) were collected using
the Fourier transform technique. The instrument was equipped with
a 620 L-100-16 K on line computer. A capillary filled with D20 served
as an internal lock when using protio solvents. Spectral widths of 5000
or 2500 Hz were used (digital resolution, 1.25 or 0.68 Hz/point). Pro-
ton-coupled 13C spectra were obtained with gated proton decoupl-
ing.

7 Li spectra were recorded on a Varian FT-80 spectrometer (30.912
MHz, 10-mm tubes, *H lock) using the Fourier transform technique.
A 4-mm tube filled with a 1 M solution of LiCl in DO, located inside
the 10-mm tube, was used for the 2H internal lock and "Li external
reference. No magnetic susceptibility correction was applied. A
spectral width of 2000 Hz was used (digital resolution, 0.5 Hz/
point).

Materials. Tetrahydrofuran (Merck pure) was distilled over
LiAlH, and kept under argon. MesSO was freshly distilled over CaHo.
Merck n-BuLi solutions (1.6 M in hexane) were standardized by
acid-base titration before use. ¢t -BuOK (Merck) was sublimated be-
fore use; t-BuOLi was prepared from Li and freshly distilled ¢t-BuOH,
vacuum dried after solvent evaporation, and kept under an argon
atmosphere. Deuterated solvents were commercial.

Preparation of Solutions. Starting material (0.001 mol) was
weighed in a drybox into a carefully dried tube containing a small
magnetic rod. It was then septum-capped after argon introduction.
Solvent (2 mL, or 1.4 mL if the base used was n-BuLi) was introduced
by a syringe, and the solution was then magnetically stirred. n-BuLi
(0.7 mL) in hexane was added by a syringe or 0.0012 mol of t-BuOK
or t-BuOLi under argon. The solution was stirred again for 45 min and
then centrifugated. A 0.5-mL amount of this solution was taken via
a syringe and introduced under an argon atmosphere into a 5-mm
NMR tube containing Me4Si. A 60 MHz 'H NMR spectrum was run
to check the solution, and the remaining 1.5 mL of solution was sim-
ilarly transferred into a 10-mm NMR tube for a 13C NMR spectrum.
Similar procedures were run in half amounts for the 100 MHz 'H
NMR spectra.
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