
797 

system crossing, following excitation of the first or 
second singlet levels. 

However, energy transfer not involving triplet states 
cannot be excluded completely under our experimental 
conditions, and the large discrepancy between the pres
ent and previous results may have a deeper reason. 
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The Ionic Character of Allyllithium 

Sir: 

We have conducted variable-temperature nmr studies 
on allyllithium over the temperature range —100 to 
+60° in the donor solvents diethyl ether and tetra-
hydrofuran (THF). The data derived from these ex
periments demonstrate for the first time an AA'BB'C 
allyl -»• AB4 allyl reversible transition in an unsub-
stituted allylorganometallic compound of a main group 
element. The nmr spectra of the systems (a) 1.5 F 
allyllithium in THF-J8 (Figure 1) and (b) 1.5 F allyl
lithium in diethyl-Jio ether are very similar. They 
constitute the first direct evidence for a predominance 
in solution, at all temperatures studied, of an allyl
lithium species [AA'BB'C]*~Li*+ in which protons 
A and B (and at the same time A ' and B') are 

Lis Li8 

exchanging environments at a temperature-dependent 
rate. At 37° all four terminal protons are equivalent 
in the recorded nmr spectrum, whereas at —87° two 
distinct types of terminal hydrogens are clearly ob
served. 1_s These high- and low-temperature spectra 
are respectively almost pure AB4 and AA'BB'C in 
nature. The data reported here are not consistent 
with the previously published conclusion that allyl
lithium in diethyl ether,4 like allyl Grignard reagent,6 

is best described in terms of a rapid dynamic equilib
rium between the two possible covalent forms of the 
compound, LiC+H2CH=CH2 ^ C*H2=CHCH2Li. 
Computer programs are being used to determine the 
temperature and allyllithium concentration dependen
cies of the A ^ B proton-exchange rate in various 
solvents. Preliminary activation energy (E11) plots for 
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Figure 1. The temperature-dependent 60-MHz nmr spectrum of 
1.5 F allyllithium in tetrahydrofuran-rf8. The /3-CH2 resonance of 
remnant protonated tetrahydrofuran appears at 1.77 ppm. Approxi
mate spectral parameters are 5A = 5A' = 2.24 ppm, 5B = 5B' = 
1.78 ppm, 5c = 6.38 ppm, JAB = JA'B' = 1.6 Hz, /BC = JB'C = 
8.6 Hz, /AO = JA'C = 15.2 Hz , /AA' = J W = JAB' = JA'B = OHz. 
The values of 5A (5A') and 5B (5B') are somewhat temperature de
pendent. 

exchange yield E& - 10.5 ± 2.0 kcal mole - 1 and A = 
1Q12.5 ± 1.5 s e c - i for both systems a and b. 

The recorded allyllithium nmr spectra indicate a pre
dominance of essentially delocalized symmetrical allyl 
anions between the temperatures —100 and +60°. 
This conclusion is substantiated by measurements of 
ultraviolet spectra of <0.05 F allyllithium solutions 
in THF and diethyl ether over the temperature range 
— 100 to 25°. An absorption peak falling within the 
range 310-320 imx was observed at all temperatures 
( -100° , 310 mM (log e ~3.75); 25°, 315 m/j. (log e 
3.66)),6 in close agreement with the theoretical estimate 
of 326 m/x for the absorption of allylcarbanion.7 In 
addition, measurements have been made at room tem
perature of infrared spectra of both allyllithium solu
tions in THF and diethyl ether and allyllithium mulls 
in Nujol. Each system showed an absorption in the 
region of 1525-1540 cm - 1 assignable to the carbon-
carbon stretching frequency in a symmetrical anionic 
allyl moiety. These findings are in agreement with the 
infrared absorptions reported in the range 1520-1560 
cm - 1 for mulls of other alkali metal allyl compounds.8 

They are also consistent with a trend observed among 
main group allyl compounds: those compounds that 
are expected to be more ionic have lower carbon-
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carbon stretching frequencies9'10 (allyl halides, 1640-
1650 cm - 1 ; diallylzinc, 1610 cm - 1 ; diallylmagnesium, 
1575 cm-1). 

Various allyl compounds of the main group elements 
Mg, Zn, and Cd have been investigated by nmr over a 
broad range of temperatures. With one exception, 
all the recorded allyl spectra have AB4 character at 
every temperature studied.n It is conceivable, but not 
yet proven, that the magnetic equivalence of the C-I 
and C-3 protons in these allyl systems occurs via inter-
molecular exchange of allyl groups; the greater the 
compound ionic character the larger the exchange 
rate.15 Since the electropositive nature of the metal 
in main group allyl compounds would be expected to 
increase in the order Cd < Zn < Mg < Li, le one might 
anticipate that allyllithium in THF would likewise give 
an AB4 allyl spectrum over the full temperature range 
— 90 to +40°. Nevertheless, in practice this proves 
not to be the case. A possible explanation for the 
AB4 -*- AA'BB'C allyl transition observed in the nmr of 
both THF and diethyl ether solutions of allyllithium is 
afforded by results of differential vapor-pressure mea
surements17 on these systems. 

From colligative property studies that we have car
ried out on allyllithium in donor solvents at 25° it can 
be inferred that allyllithium is aggregated in both THF 
and diethyl ether at concentrations similar to those em
ployed in the nmr investigations. At a formal allyl
lithium concentration of 1.5 M in diethyl ether the 
apparent degree of allyllithium aggregation is napp > 
10. With 0.8 M allyllithium in THF, the maximum 
concentration amenable to colligative property mea
surements, flapp > 1.4. It is suggested, therefore, that 
the apparent substantial increase in lifetime of the allyl
lithium species [AA'BB'C]4-Lr3 + in these solvents with 
decrease in temperature might be related to its propen
sity to self-associate. 

An extended comparison is being made between 
allyllithium and the allyl compounds (CsHs)2M, M = 
Mg. Zn Cd, and Hg. The relationship between pro
ton chemical shifts and ionic character and the effect 
of strong bases {e.g., N,N,N',N'-tetramethylethylene-
diamine, sparteine, and hexamethylphosphoramide) 
are under investigation. 
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The Crystal and Molecular Structure of a 
Tetracyanoethylene Complex of Platinum1 

Sir: 

The study of hydrocarbon complexes of transitional 
metals has contributed greatly to the advancement of 
coordination chemistry. More recently, investigations 
of fluorocarbon2 derivatives of metals have provided 
deeper insight into the nature of the transitional metal-
carbon bond. When H atoms in hydrocarbons are 
replaced by F atoms, a wider variety of more stable 
complexes may be prepared, and in many instances the 
nature of the bonding in the fluorocarbon complexes 
is significantly different from that in analogous hydro
carbon complexes.3 A new class of metal-carbon 
bonded complexes has recently been reportedlc,d 

where an olefinic cyanocarbon, tetracyanoethylene 
(TCNE), is covalently bonded to a transitional metal. 
These cyanocarbon complexes are noteworthy for being 
extremely stable relative to the hydrocarbon and 
fluorocarbon analogs. Heretofore, little could be said 
about the nature of bonding in these complexes because 
structural data were not available. 

We report herein preliminary results of an X-ray 
analysis of the first example of a transitional metal-
tetracyanoethylene complex, Pt(Ph3P)2TCNE. The 
molecular structure is unique in regard to the structural 
characteristics of the coordinated tetracyanoethylene 
and expands the concept of metal-olefin bonding. 

Colorless crystals of Pt(Ph3P)2TCNE suitable for 
crystallographic examination were obtained from the 
reaction of ?ran5-PtHCl(PPh3)2 and tetracyanoethylene 
in benzene at room temperature, followed by slow re-
crystallization over a several day period from benzene-
ethanol. The compound crystallizes in the monoclinic 
system with unit cell parameters a = 17.506 ± 0.009 A, 
b = 11.234 ± 0.008 A, c = 18.521 ± 0.013 A, and /3 = 
97° 10' ± 10'. The space group is P2i/c and Z = 4. 
The X-ray intensities were obtained (Cu Ka radiation) 
with Weissenberg film methods (hOl through hll) and 
recorded with a Joice-Loebl flying-spot microdensi-
tometer. The structure was resolved by three-di
mensional Patterson-Fourier methods and refined by 
isotropic least-squares block diagonal techniques. At 
the present stage of refinement, the R index calculated 
on 2042 observed reflections is 12%. The geometry 
of the metal coordination is shown in Figure 1, and the 
most important bond lengths and angles with their 
estimated standard deviations are listed. 

Several salient features are to be noted. The dihedral 
angle between the planes PiPtP2 and C1PtC2 is 10°. 
The TCNE moiety is distorted from planarity upon co
ordination such that the angle between a line through 
Ci-CN and the plane which passes through Ci and C2, 
and which is perpendicular to the PiPtP2 plane, is about 
10°. The Ci-C2 bond length is 1.52 A, which is close 
to that of a carbon-carbon single bond. The mean 
length of the carbon-carbon bonds of the C—CN 
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