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Abstract: The 8 carbon in vinyltriphenylphosphonium bromide is found to be substantially deshielded in the 13C NMR.
Other phosphonium salts containing unsaturated groups adjacent to phosphorus also show this effect. The extent of the de-
shielding of the 8 carbon is interpreted to be a consequence of dw-pr bonding between phosphorus and carbon. The 8 carbon
of propynyltriphenylphosphonium bromide resonates at 121.8 ppm which is also consistent with d7—-pr bonding. A compari-
son of the 3!'P chemical shifts of PhsP+-R with the methyl 13C chemical shifts of Me-R shows a consistent increased
shielding in the 3'P NMR of the title compounds and is interpreted in light of d=-p7 overlap.

Phosphonium salts have enjoyed a great deal of emphasis
as useful intermediates in organic synthesis.? Therefore, a
detailed account of the electronic structure of these com-
pounds may provide clues to the nature of the reactions in
which phosphonium salts, and by analogy other organo-
phosphorus compounds, participate. Vinylphosphonium
salts undergo facile Michael addition with a wide variety of
nucleophiles,? thus it is expected that the 8 vinyl carbon ex-
hibits some degree of positive charge. A rationale for this
fact is the overlap of the = orbital of the vinyl group with an
empty d orbital on phosphorus. Utilization of d orbitals on
phosphorus is still a matter of controversy with conflicting
ideas often being presented.* There have been no studies of
the '3C and 3'P NMR of phosphonium salts containing un-
saturated groups to date. Since '3C and 3'P NMR are sen-
sitive probes for the electronic environment about mole-
cules,’® it is expected than an examination of these parame-
ters can shed light on the nature of d=-p= interactions and
the bonding in the title compounds.

Results and Discussion

The results of this NMR study of phosphonium salts hav-
ing the general structure Ph;P¥-RX~, where R is an unsat-
urated group and X~ is either a bromide or chloride anion,

are presented in Tables I, II, and III. Table I lists the 3'P
chemical shifts, Table II lists the '3C chemical shifts, and
Table III gives the 3'P-!3C couplings taken from the car-
bon NMR. The values reported for 5 and 10 in the !3C
NMR agree with those reported by Gray.” Table IV com-
pares the '3C chemical shifts of several unsaturated phos-
phonium salts to model analogs.

13C NMR. The « effect has been related to the electrone-
gativity of a group and has been interpreted to be largely
due to inductive effects.®- In the previous work substitution
of a triphenylphosphonium group for a hydrogen in com-
pounds of the type PhaP*-CHRR! has been shown to pro-
duce an « effect for the carbon directly bonded to the phos-
phorus of 4 ppm downfield. On this basis, the electronegati-
vity of the triphenylphosphonium group is estimated to be
between that of hydrogen and a methyl group.'® Inductive
effects for the 8 position are much smaller than those for
the a position. The @ carbon in vinyltriphenylphosphonium
bromide is found to be deshielded by 22.4 ppm as compared
to ethylene (Table IV). An inductive effect can only ac-
count for a minor portion of this relatively large shift. Mag-
netic anisotropy effects can also be discounted in interpret-
ing this shift since they contribute only a few parts per mil-
lion.!!
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Table . 3'P Chemical Shifts of Phosphonium Salts®

No, Compd 3p No. Compd sip
1 Ph P —CH==CH, Br~ 19.3 11 Ph P+——CH JPhCl™ 23.2
2 Ph P+ CH-—CH Me Br ™ (trans) 18.7 12 Ph P+——CH CeH,—p-Me C1™ 22.7
3 Ph P —CH==CMe, C1~ 10.9 13 Ph P+——CH CH-‘=CHPh Br~ 21.4
4 Ph, P ——CH-—C-—CH Br~ 18.7 14 Ph, P+——CH ,C==CH Br~ 21.3
5 Ph P+ Ph Br~ 22.5 15 PH P+——CH ,C==CH Br~ 22.04
6 Ph P+ C=C—Me Br~ 5.3 16 Ph P+——CH OMe Cl- 17.6
7 (n- Bu) Pt*—Et Br~ 36.60 17 Ph P+——n-Bu Br~ 24.1
8 (n-Bu), pt —CH==CH, Br~ 27.4 18 Ph P —n-BuBr~ 234
9 (n-Bu), P+——CH=CHMe Br~ (trans) 25.4 19 (n-Bu) P*—BuBr~ 33.96
10 Ph,P* —CH,CH==CH, Br~ 20.8 20 (1-Bu),P* —CH,CH==CH, Br - 31.6

@ This represents a calculated value for CDCl, which was obtained by taking the difference of the chemical shifts for Ph,P*—n-Bu in CDCl,
and CDCl,—trifluoroacetic acid solutions (17 and 18) and obtaining a solvent correction that was added to 14. b Values taken from S. O. Grim

et al., J. Phys. Chem., 70, 581 (1966).

Table I1. !3C Chemical Shifts of Phosphonium Salts@

Carbon chemical shift, ppm

Compd No. 1 2 3 4 5 6 C1 0 m p
Ph3P+——CH=CH2 Br~ 1 119.2 1452 117.2 1339  130.7 1355
Ph,P*—CH==CH—Me Br~ (trans) 2 1101 159.5 21.7 118.0  133.7 130.5 135.2
Ph,PY Me

/C=(2:\M cr- 3 1024 1720 29.9 24.8 119.4 1332 130.6 134.8
H™ ! e
Ph3P+——CH=C=CH2 Br~ 4 75.3  218.3 80.3 118.2 1339 1304 1354
Ph,P*—Ph Br~ 5 117.4 134.7 1309 1359
Ph2P+—C=C Me Br~ 6 604 121.8 7.4 118.3 1331 1304 1359
CHCHCHCA) Pr—CH=CH,Br~ 8  119.0 1412 193 236 240 13.6
Ph P+——CH CH——CH Br~ 10 28.6 1263 123.1 117.7 1339 1304 1351
Ph3P+——CH2CEC——H Br~ 14 17.0 70.1 77.0 117.5 1343 131.3 136.8
Ph
I 1 3
@ The numbering system is as follows: p@aP—C—é~C except as noted. All compounds were run in CDCI, except 14 which was run in
m o

Ph
trifluoroacetic acid—CDCI, solution and referenced to internal TMS.

Although the electronegativities of a triphenylphosphon-
ium group and a methyl group are comparable, the effects
of the two substituents on the chemical shift of a § vinyl
carbon are quite different. As can be seen in Table IV, the 8
carbon of propene resonates at 115 or 7.8 ppm upfield from
that of ethylene, whereas the § carbon of vinyltriphenyl-
phosphonium bromide is found at 145.2 or 22.4 ppm down-
field from ethylene. In the absence of dw-pw overlap be-
tween phosphorus and carbon, the triphenylphosphonium
group could be expected to show an effect similar to that of
a methyl group. Charge polarization via hyperconjugation
is expected to be important for compounds such as pro-
pene,'? leading to increased electron density at the 8 car-
bon. The large downfield shift found for the 8 carbon of
vinyltriphenylphosphonium bromide serves to point out that
while such effects may be operative in vinylphosphonium
salts, they are not dominant.

The cyano group in acrylonitrile provides a better model
for the effect of a triphenylphosphonium group, since the
deshielding of the 8 carbon is a result of the interaction be-
tween the « orbitals of the vinyl and cyano groups. In an
analogous fashion, the 7 bonds in 1 through 6 and 8 (Table
IT) donate electron density into empty d orbitals on phos-
phorus and are therefore responsible for the large downfield
shift seen for the 8 carbons. Thus, d=-pw conjugation con-
tributes significantly to the ground state for these com-
pounds with resonance structures 1b and 6b considered to
be important.

C2 in 6b should also exhibit a low field chemical shift rel-
ative to C2 in 6a. Inspection of the '3C chemical shifts for
propynyl substituted compounds in Table IV, provides a
dramatic illustration of this phenomena with the 8 carbon

Ph3P+\c—c/H - PhSP\C +/H
ST YN L—C
H H H H
la 1b
Ph,P*—C=C—Me <> Ph,P=C=C*—Me
6a 6b

of propynyltriphenylphosphonium bromide deshielded 42.6
ppm from C2 of propyne. The methyl group in 6 is deshield-
ed compared to that of propyne (Table IV). This is seen to
be consistent with the contribution of resonance structure
6b, since the ring current of a double bond deshields relative
to that of a triple bond.!? It is also seen from Table II that
both the ortho and para resonances are shifted to lower
fields in the triphenylphosphonium groups. Thus dz-pnw
bonding with the phenyl substituents is significant for tri-
phenylphosphonium salts.

Comparing the 8 vinyl !3C chemieal shifts in 1 and 8
(Table II), it is seen that dw-pw overlap of the vinyl substit-
uent with phosphorus is similar. This also supports the no-
tion that anisotropy of the phenyl groups in 1 does not pro-
duce the deshielding of the 8 vinyl carbon. The 8 vinyl car-
bon in |-phenyl-2-phospholene 1-oxide is also found to be
shifted to low fields relative to the « vinyl carbon.!4

Phosphorus—-Carbon Coupling. An examination of the
31p-13C coupling constants in Table III shows that
I J31p_13¢ for sp? substituents is larger than that for sp3 hy-
bridized substituents, e.g., compare 1 and 10. Also in 6
where the hybridization of one of the ligands is sp, the cou-
pling constant increases dramatically. There are also many
reversals in the magnitude of the couplings making a corre-
lation to 'Jisc_p appear to be fruitless as shown in the pre-
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Table I1I.  3'P-!*C Coupling Constants?
31P_13C coupling constants®
Compd No. 1 2 3 4 5 6 C1 o m p
Ph,P* —CH==CH, B~ 1 803 b 903 105 129 3.2
PH,P*—CH==CHMe Br~ 2 86.1 2.6 19.9 90.7 10.5 12.9 2.9
Pth*'\ /“‘Me
C==C cr 3 89.4 1.2 18.6 7.7 89.5 10.6 12,8 2.4

HTT P Me
Ph,Pt—CH==C==CH, Br~ 4 93.3 1.3 14.7 91.4 10.6 13.2 2.8
Ph3P+——Ph Br~ S 89.8 10.2 12.8 2.9
Pth+—C4‘EC3——Me Br'1 6 191.7 33.0 3.8 100.5 12.4 14.2 3,0
(CH,ch,ch,ch,) Pt —CH=CH, Br- 8 72.6 b 488 1.8 90 b
Ph,P*—CH,CH==CH, Br~ 10 49.7 13.4 9.8 85.9 9.8 12.4 2.6
Ph,Pt—CH,CHC=C—HBr" 14 58.6 12.8 9.6 88.4 10.1 13.2 3.0

@ The numbering system is the same as in Table I. The digital resolution was +0.1 H. & Unresolved coupling.

Table IV. Comparison of the '*C Chemical Shifts for
Unsaturated Model Compounds

Carbon

Compd X 1 2 3
X—CH==CH, Ha 1228 1228
v Mea 133.1 115.0
CNa 107.7  137.8
P*Ph, 119.2 1452
X—CH==CHMe (trans)  Meb 125.8  125.8
! I CNe 102.1  150.8
P*Ph, 110.1  159.5

X—C=C-—Me Hd 66.9 79.2 -1.9

v Med 72.6 72.6  -0.8
C(O)Me? 87.0 97.4

P*Ph, 60.4  121,8 7.4

a Reference S, p 184. b Reference 5, p 70. ¢ Reference 5, p 187.
d A. B. Strong, D. Ikenberry, and D. M. Grant, J. Magn. Reson., 9,
145 (1973). ¢ D. D. Traficante and G. E. Maciel, J. Phys. Chem., 69,
1348 (1965), for n-BuC=CC(0)Me.

vious paper of this series.! This has also been noted by Gray
in an NMR study of another series of phosphonium salts.”
Further insight into the nature of phosphorus coupling con-
stants is hindered as there has been no theoretical study for
the coupling of phosphorus where the use of d orbitals has
been included.

It is noted that there is much more of a change in
I J31p_13c for the coupling of the Cl phenyl carbon of the
triphenyl substituents (Table III) in this series of com-
pounds (14.6 range) than previously reported for com-
pounds of the type PhsP*-CH,RX™.7

Alkyltriphenylphosphonium salts have a coupling be-
tween phosphorus and the C1 phenyl carbon of 80.1 to 88.6
Hz.! However, vinyl substituted triphenylphosphonium
salts exhibit 'J31p_13¢1 phenyt = 89.5-91.4 Hz and propynyl-
triphenylphosphonium bromide (6) has the largest
1J31p_13¢1 phenyl (100.5 Hz). The trend toward a larger
phosphorus C1 phenyl coupling with increasing unsatura-
tion of the substituent being varied is noted. However, a
simple explanation based on increased electronegativity of
the substituent and hence an increased effective nuclear
charge on phosphorus leading to larger P-C coupling!3 does
not adequately explain both the phosphorus-C1 phenyl cou-
plings and the couplings of the phosphorus to the directly
bonded carbon of the other substituent.

3P NMR. In Figure | the 3!P chemical shifts of the tri-
phenylphosphonium salts are plotted against the !3C chemi-
cal shifts of compounds in which the triphenylphosphonium
group is replaced by a methyl group. The plotted data fall
onto three distinct lines. Line A is drawn for triphenylphos-
phonium salts where R is a saturated alkyl group. The data
for this line are taken from the previous paper in this se-

3P CHEM. SHIFTS (ppm)

10 15 20

5
Bc CHEM. SHIFTS (ppm)

Figure 1, Comparison of 3!P chemical shifts of PhyP+-R X~ versus 13C
chemical shifts of Me-R. Numbers refer to compounds listed in Table
1 and lines drawn for A, B, and C correspond to those obtained by lin-
ear regression analysis.

ries.! The correlation between the phosphorus and carbon
chemical shift data for these simple alkyl analogs is seen to
be good (correlation coefficient, r = 0.969). This agreement
demonstrates clearly that the same factors which affect the
carbon chemical shift of a methyl group are also operative
for the 3'P chemical shifts for alkyl substituted triphenyl-
phosphonium salts.

Line B as drawn in Figure 1 for compounds containing an
unsaturated group « to the phosphorus falls below line A.
Thus it is seen that the phosphorus resonances making up
line B are consistently shielded with respect to saturated
groups. The equation for line B is given by

831p = 0.75(813¢) + 6.48

with a correlation coefficient » = 0.978. The 3'P chemical
shifts for the vinyl triphenylphosphonium salts are consis-
tent with the notion that increased shielding is produced by
increased electron density on phosphorus via means of dm-7
bonding. This view is in contradiction to the conclusion of
an early theoretical study of 3!P chemical shifts by Letcher
and Van Wazer.!®!7 The vinyl substituted compounds are
shielded by approximately 8 ppm compared to alkyl substi-
tuted triphenylphosphonium salts. In addition the shielding
of phosphorus in propynyltriphenylphosphonium bromide
(6) by 12 ppm follows from the fact that an additional
shielding effect due to circulating = electrons of the propyn-
yl group is also present. A similar upfield shift of the phos-
phorus resonance is noted for vinyltri-n-butylphosphonium
bromide; compare 7 with 8 and 9 in Table 1. Thus an up-
field shift of 9.2 ppm on going from ethyl- to vinyltri-n-
butylphosphonium bromide illustrates well the effect of
dm-pm overlap. It should be noted that the absolute values
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Table V. Comparison of the '*C Chemical Shifts for Allyl and Propargyl Substituted Model Compounds

Carbon Carbon
Compd X 1 2 Compd X 1 2
X—CH,CH==CH, H4 133.1 115.0 X—CH,C=CH He 79.2 66.9
! : Med 140.2 113.3 vo2 Meb 86.4 68.7
P*Ph, 126.3 123.1 P*Ph, 70.1 77.0

a Reference 5, p 184. & G. E. Maciel et al., J. Phys. Chem., 76, 1466 (1972). € A. B. Strong, D. Ikenberry, and D. M. Grant, J. Magn. Reson.,

9,145 (1973).

for the 3'P chemical shifts of tri-n-butylphosphonium salts
are greater than those for the corresponding triphenylphos-
phonium salts. This result shows that dw-px bonding from
the phenyl substituents increases the shielding of the 3!'P
chemical shift, even though a phenyl group would be ex-
pected from carbon NMR to produce a downfield shift
(e.g., the methyl group of toluene is deshielded from that in
pentane).

The point for 1-(2-methylpropenyl)triphenylphospho-
nium chloride (3) is seen to fall below line B in Figure 1.
This deviation is due to a larger upfield shift of the phos-
phorus than for the corresponding methyl group in the
model carbon compound used to plot the abscissa. Such be-
havior is reasonable in view of the greater steric bulk of a
triphenylphosphonium as compared to a methyl group. The
greater upfield shift for the phosphorus atom in 3, 10.9 ppm
(Table I), than for trans-1-propenyltriphenylphosphonium
bromide (2) (18.7 ppm) is also seen to be a result of steric
compression of the phosphorus with the ¢is-methyl group in
3. This shift is also observed both in the '3C NMR and in
the '"H NMR!® for the cis-methyl group of 3. The '3C
chemical shift of the cis-methyl in 3 is thus 24.8 ppm,
whereas the trans-methyl in 3 is found at 29.9 ppm (Table
II).

Line C in Figure | is drawn for compounds having an
electron rich unsaturated group @ to the phosphorus. The
equation for line C is given by

63lp = 066(613(:) +12.20

with the correlation coefficient » = 0.953. It is seen that
these allyl, benzyl, and propynyl substituted triphenylphos-
phonium salts are consistently shielded by approximately 4
ppm from what would be expected on the basis of the '*C
chemical shifts of their methyl analogs. Again changing the
triphenylphosphonium group for a tri-n-butylphosphonium
group also shows this effect. On the basis of the '*C NMR
tetra-n-butyl- and 3-propenyltri-n-butylphosphonium bro-
mide (19 and 20) should have nearly identical 3!'P chemical
shifts; however, 20 is shielded compared to 19. These effects
are presumably a consequence of overlap of a filled = orbit-
al with an empty d orbital on phosphorus with the following
resonance structures considered to be important:

+ PhP.  +
Ph,P—CH,CH=CH <— I)g=CH2
10a HC
10b

Interaction of remote « bonds with phosphorus on the basis
of 3'P NMR has been intimated for a series of allyl substi-
tuted phosphine oxides.!® Compound methoxymethyltri-
phenylphosphonium chloride (16) also shows this effect;
however, compounds where the 8 carbon is electron defi-
cient such as PhyP*-CH,C(O)R and Ph:P*-CH,CN as
well as compounds containing an electron rich atom three
bonds away such as PhiP*-CH,CH;OMe are not expected
to overlap as efficiently with empty d orbitals on phospho-
rus. Therefore, these compounds fall on line A, drawn for
alkyl substituted triphenylphosphonium salts.!

Further evidence for homo dw-px overlap is provided by
Table V. In general, a methylene group deshields the « car-
bon on a vinyl or ethynyl group and shields the 8 carbon.
However, both 10 and 14 have « and @3 carbons with ap-
proximately the same chemical shift. In 10 with the inter-
vention of 10b the o vinyl carbon should become more
shielded than what would be expected in 10a. Furthermore,
the 8 vinyl carbon in 10b should be deshielded compared to
10a since electron density is being removed. These predic-
tions are confirmed from the data in Table V. It is also seen
from Table III that 2Jsip_13c for 10 and 14 are 13.4 and
12.8 Hz, respectively. These couplings are substantially
larger than 2J31p_13¢ for Ph3PT-CH,CO-R (3/s1p_i3¢c = 3.0
to 5.2 Hz)7 and the other two bond couplings of phosphorus
to the substituents reported in this paper. This may be due
in part to the contribution of resonance structures similar to
that of 10b.

Experimental Section

Spectra were obtained on a Bruker HFX-90 spectrometer
equipped for Fourier transform pulsed NMR with a Nicolet 1085
data system. The 3!P and !3C data were taken at operating
frequencies of 36.431 and 22.628 MHz, respectively. The 3'P
chemical shifts are reported as referenced to external 85% H3;PO4
with shifts occurring downfield from the reference taken as posi-
tive. The 13C chemical shifts are reported with respect to internal
TMS with downfield shifts again reported as positive. All samples
except 14 and 18 were run as 0.1 to 0.05 M solutions of CDCl3 at
28° with broad band 'H decoupling. Spectral assignments were
made with the aid of off-resonance decoupling and model com-
pounds as appropriate. The assignments of the resonances for the
n-butyl groups in 8 were made by the similarity to those reported
for tetra-n-butylphosphonium bromide.’ The assignments for the
acetylenic carbons in 6 rest upon the similar trend noted for the
vinylphosphonium salts and the larger phosphorus-carbon cou-
pling observed for C1 (191.7 Hz) compared to C2 (33.0 Hz) which
conforms to the relative magnitudes of one- and two-bonded cou-
plings in all phosphonium salts studied. Compounds 14 and 18
were run in a solution consisting of approximately 1:1 trifluo-
roacetic acid-CDClj3. The tabulated values reported in Table I rep-
resent the average chemical shift for each compound taken over
several runs; no compound varied by more than £0.3 ppm with the
average being +0.17 ppm.

All phosphonium salts were prepared according to standard
methods.?® Compounds 4 and 6 were prepared by previously re-
ported procedures.2?
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Abstract: The orientation of the nitrogen lone pair electrons in 2-azabicyclo[2.2.2]oct-5-ene and its N-methyl derivative has
been studied with the aid of Ni(AA): (nickel acetylacetonate) induced 'H and !3C NMR contact shifts and molecular orbit-
al calculations in view of elucidation of nonbonded n,r interaction (n-r transannular interaction) in azabicyclic molecules.
Ni(AA);-induced 'H and !3C contact shifts for these molecules were plausibly explained by the spin density distributions ob-
tained by INDO-UHF-MO calculation for the corresponding hydrocarbon ¢ radical, bicyclo[2.2.2]oct-5-en-2-yl, in which
the radical lobe occupies exo and endo positions. This allowed us to conclude that the nitrogen lone pair for N-methyl deriva-
tive is preferentially oriented at the exo position while the exo and endo positions are equally favored for the N-H derivative.
This was further confirmed by other NMR evidence. CNDO/2-MO calculations were also performed for above azabicyclic
molecules to illuminate the factors that determine the nitrogen lone pair orientation. It is concluded that steric repulsion and
n-7 transannular electronic stabilization energies are essentially important to determine the lone pair orientation in the title

molecule.

Neighboring group participation in the reaction interme-
diate or in the electronic and geometrical structures of
ground or excited state of molecules constitutes an essential
concept in the organic chemistry. As a part of our continu-
ing investigations?>? toward understanding neighboring
group participation in the electronic structures of rigid
o-bonded molecules, we have studied here the stereospecific
orientation of lone pair electrons and electronic structures
in 2-azabicyclo[2.2.2]oct-3-ene derivatives. Much attention
has been paid to the transannular interaction between non-
bonded 7 electrons.* However, quite limited studies have
been available concerning the neighboring group effect on
the stereospecific orientation of lone pair electrons which
appears to be one of the interesting problems in the stereo-
chemistry of organic molecules.

The specific orientation of the lone pair electrons on the
C- carbon in 7-norbornenyl anion has been studied® by ste-
reospecific deuteron capture of anti and syn anion interme-
diates. The preference for anti 7-norbornenyl anion has
been suggested and interpreted as resulting from bisho-
moantiaromatic character of this anion. Quantum chemical
studies of this anion have also been performed. However,

H i < _H

1-s (syn) 1-a (anti)

semiempirical MO calculations failed to determine definite-
ly the orientation of lone pair electrons in 7-norbornenyl
anion.®’ It may be readily accessible from this example
that the problem on the transannular effect between lone
pair electrons and the neighboring 7 bond in bicyclic mole-
cule is still open to further experimental and theoretical
studies.

We have recently carried out a photoelectron spectro-
scopic study of nonbonded n, interaction involved in sever-
al cyclic and bicyclic amines containing nonadjacent =
bonds.? It was revealed that the feature of the nonadjacent
n,m interaction is quite different between homoallyl and
bishomoallyl n,7 interacting systems; for the homoallyl in-
teraction, both n,x and n,7* interactions contribute com-

homoallyl interaction bishomoallyl interaction

*

petitively to the relative stability of the interacting system.
It is, therefore, of interest to study the orientation of lone
pair electrons in homoallyl n,= interacting molecules in
relation to the bishomoconjugative system.®

In these circumstances, we have studied here the orienta-
tion of nitrogen lone pair electrons and electronic structures
in 2-azabicyclo[2.2.2]oct-5-ene (2), its N-methyl derivative
(3), and their saturated homologs (4, 5) with the aid of
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