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The reaction of 2 mol of tetracyanoethylene with 1 mol of
triphenylphosphine was reported in 1963, and the structure
(1a) of the adduct formed was assumed to be that of an octa-
cyano-P,P,P-triphenylphospholidine.! The chemical evidence
for this reasoning rested upon the analytical results and the
acidic degradation of the adduct, which yielded butane
tetracarboxylic acid and triphenylphosphine oxide. Further
support came from the interpretation of the 3'P NMR spec-
trum, and in particular the comparison of the phosphorus
chemical shift with those of organic phosphorus compounds
of known structures. A compound possessing the triphenyl-
phosphazene structure (2) with a four-coordinate quinquev-
alent phosphorus also might have been formed, and was
originally proffered as an alternative, but rejected on the above
grounds, and also as it would necessitate an improbable mi-
gration of a triphenylphosphine unit from a carbon to a ni-
trogen atom on the other end of the percyanocarbon chain.

This paper corrects the originally assumed structure la and
offers 13C NMR spectroscopic evidence for structure 2, Also
from 13C spectroscopic data structure 3 is deduced for the
product of methanol addition for which originally the bisimino
ether of structure 1b was proposed.!
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Structure la can immediately be excluded because of the
number of chemically shifted carbon signals observed in the
proton noise decoupled 1*C NMR spectrum of the TCNE
adduct. In order to distinguish between chemical shifts and
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Notes

13C, 31P coupling constants, spectra were taken at frequencies
of 25.2 and 90.5 MHZ.

The 13C spectra of compounds 4-7 with known structure?
were recorded for comparison, so as to verify the phosphini-
mine structures 2 and 3. Further 13C data for phosphazenes
appeared recently in the literature.?
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Values of 13C chemical shifts and 13C, *!P coupling con-
stants are given in Table L.

Table I. 13C Chemica!l Shiftse and !3C, 3!P Coupling
Constants® of Phosphazenes 2-7

Catom 47 5¢ 6" 77 2/ 3k
3 131.1  131.1 128.8 127.3 124.4 126.2
(95.1) (98.8) (101.1) (104.2) (103.8) (103.2)
0 1325 1325 133.1 133.1 132.7 132.1
(8.7  (94) (9.8) (10.8) (11.1)  (10.8)
m 1284 128.5 128.5 128.7 130.2 129.6
(11.4) (11.5) (12.3) (13.0) (13.2) (12.9)
p 131.3 131.5 132.1 132.8 134.6 133.8
2.7 (24) (2.8) (3.0) (3.0) (3.0)
1 31.7 1611 161.2 143.6 154.6 1566.7
(6.4) (2.5) (1.0) (2.9) (1.1) (1.0)
2 123.4 77.7 125.7 73.8 76.2
(17.5) (2.4) (5.4) (5.7
3 128.5 28.3 128.6 47.3¢ 59.7¢
(1.3)
4 117.3 140.4 47.4¢ 62.2¢
(0.6) (1.1) (1.0)
5 21.2 52.6 49.8
(23.1) (23.4)
118.2
7 158.8
other d e

@ 4 values in ppm (0.1 ppm) at 25.156 MHz, internal standard
Me,Si (6 = 0), solvent CDCl; for 2 and 4-7, MesSO-dg for 3,
concentration about 0.3 M. » In Hz (0.2 Hz), given in paren-
theses below é values. Where no value is given, the coupling con-
stant is smaller than 0.3 Hz. ¢ Assignments may be reversed. ¢ CN
carbon signals at 112.2, 107.8, 107.6 (1.5), and 106.4 (0.7) ppm.
¢ CN carbon signals at 114.5, 113.4, 113.3 (1.5), 111.9 (1.5), and
110.5 (1.1) ppm. OCH; carbon signals at 53.1 and 51.3 ppm.
! Registry no. 17986-01-5. # Registry no. 2325-27-1. # Registry
no. 68014-21-1. ¢ Registry no. 1058-14-6. / Registry no. 68014-22.2,
* Registry no. 68014-23-3.
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Notes

Assignment of the signals of the triphenylphosphine car-
bons is straightforward for all products, and is in accord with
assignments given for similar compounds.3-?

For compounds 4-7, assignment of the carbon signals of the
substituent R can also directly be made from chemical shifts,
C, P coupling constants, and relative intensities. Our data are
in complete agreement with those presented earlier.?

Although not all of the signals of the phosphazene substit-
uent in 2 and 3 can be assigned to individual carbon atoms, the
number of signals, their multiplicities, and intensities are fully
consistent with the proposed structures. Thus, for compound
2 four signals for CN carbons with an intensity ratio of 1:2:2:2
are observed at 112.2 (CN at C-2), 107.8, 107.6, and 106.4 ppm
(the intensities were measured at low pulse angles to avoid
saturation).® For compound 3, the CN carbons give rise to five
signals of approximately equal intensity between 114.5 and
110.5 ppm. The sp? hybridized carbons C-1 and C-2 can di-
rectly be identified from their characteristic chemical shifts
and C, P coupling constants. The chemical shifts indicate the
presence of a strongly polarized double bond. The last of the
three sp? carbon atoms C-3, C-4, and C-5 can be distinguished
from the other two because of its large three-bond C, P cou-
pling constant.

In compound 3, the carbon signal at 118.2 ppm displays
septet structure in the proton undecoupled spectrum, indi-
cating coupling with the protons of two methyl groups (J =
4.2 Hz) as is expected for carbon C-6. That the signal at 158.8
ppm corresponds to a carbon atom with an attached NHo
group is shown by the typical deuterium isotope effect on the
chemical shift of this signal;? after addition of a 1:1 mixture
of H,0/D50 to a MesSQO-dg solution of 3, the signal at 158.8
ppm appears as a triplet with an intensity ratio of 1:2:1 and
a splitting of 2.0 Hz (at 25.2 MHZ) in the proton noise deco-
upled 13C spectrum. The three signals correspond to carbons
having a NHy, NHD, and ND; group attached, displaying an
isotope effect of 0.08 ppm/D atom, typical of a two-bond ef-
fect.”

As has been shown for triphenylphosphoranes,* bonding
in triphenylphosphazenes can be discussed in terms of valence
bond structures a to ¢, where the phosphonium saltlike
structure ¢ is only important for compounds in which the
substituent R can stabilize the negative charge by resonance.
The 13C spectroscopic parameters in such compounds are
expected to be similar to the ones observed in phosphonium
salts (chemical shifts and C, P coupling constants or phos-
phonium salts are reported in the literature’-58),

From the parameters ohbserved for 2 and 3 (especially
chemical shifts of C-s and C-p) and 1J (C-s, P), it can be con-
cluded that valence bond structure ¢ is important for the de-
scription of bonding in these compounds. The zwitterionic
character in 2 and 3 is also evident from the large chemical
shift difference between C-1 and C-2.

Recent investigations point to a completely different ex-
planation for the formation of 2 to that presented earlier.!
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Tetracyanoethylene and triphenylphosphine form rapidly a
1,3-dipolar intermediate (8) which subsequently reacts in a
[3 + 2] cycloaddition with one of the cyano groups of TCNE
forming a five-membered azaphospholene intermediate of
structure 9.

The adduct 8 is a new type of highly reactive 1,3-dipolar
intermediate®-!® with phosphorus as one of the terminal cen-
ters of a zwitterionic species which represents a reactive type
without double bond. Cycloadditions of 1,3-dipolar species
on nitrile groups have been reported by several authorsi!-13
although the rate of reaction in general appears to be very
slow. Reversible cleavage of the P-C bond in 9 gives rise to 10,
whereby further stabilization is enhanced by the dicyano
methide group despite the large separation of the ionic cen-
ters.14-16 Rotation about the C-C bond as indicated (10 — 11)
and subsequent cyclization of the zwitterion leads to the for-
mation of a new C-C bond between C-3 and C-4 yielding 2.

Experimental Section

Compounds 2-7 were prepared by literature procedures.!** The
I3C.-NMR spectra were recorded on Varian XL-100/15 (25.2 MHz)
and Bruker HX-360 (90.5 MHz) NMR spectrometers in the Fourier
mode with either proton noise decoupling, coherent off-resonance
decoupling, or gated noise decoupling (for undecoupled spectra or
NOE suppression). The numbers of data points and sweep widths
were chosen such that an accuracy of 0.05 ppm for chemical shifts and
0.2 Hz for C, P coupling constants was achieved.

Registry No.—1a, 17989-88-7; b, 63014-24-4.
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Nucleophilicity of Cycloheptatrienyldiene
Generated from a Nitrogen-Free Precursor.
Evidence for a Free Carbene in the Decomposition
of Tropone Tosylhydrazone Sodium Salt
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In a previous study of the reactivity of the aromatic carbene
cycloheptatrienylidene (1) [and/or cycloheptatetraene (5)]
with substituted styrenes in THF solution, a p value of +1.05
+ 0.05 (correlation coefficient 0.982) was determined.? From
this it was argued that the reacting species has considerable
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