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Summary 

3-Butenyllithium was prepared in an ether- and halide-free state by clea- 
vage of di(3-buteny1)mercm.y with lithium metal. This product was shown to 
be hexameric in hydrocarbon solvents. A series of studies were carried out 
using * H and 7 Li Nk4R, infrared, and ultraviolet spectroscopy_ The results of 
these studies indicate a perturbation of the z system of the butenyl moiety by 
the lithium aggregate, an interaction which also was supported by a calculation 
of the total energy of the system as a function of the conformation. This effect 
can be accounted for in terms of an intramolecular interaction. 

This direct observation of a lithium-olefin interaction in a non-dissoci- 
ated lithium aggregate supports earlier postulations of a similar interacticn 
based on kinetics for ethylenation reactions in ether. 

Also discussed are the role of aggregation states in accounting for differen- 
ces in stereospecific addition in hydrocarbon vs. ether solvents. 

Introduction 

The importance of the reaction of organolithium reagents with carbon- 
carbon multiple bonds has been recognized both in polymerization reactions 
and for simple addition processes_ It has been shown that the rate and mecha- 
nism of reaction depend on the solvent, the nature of the organolithium deriva- 
tive, and on the substrate [l - 4]_ Results for ether solutions may be inter- 
preted in terms of an anionic process with tmns addition to the multiple bond 
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[5] _ This proposed carbanionic mechanism seems to hold true for carbonyl 
additions but does not esplain ethylenation reactions [6]. The kinetics of the 
latter addition have been discussed in detail by Bartlett et al. [3] - The results 
indicate a direct metal--olefin interaction between ethylene and tetrameric 
(undissociated) alkyllithiums in ether. Since in the previous study the alkylli- 
thiums were prepared by the action of an alkyl halide on lithium metal, the 
values of the rate constants will be somewhat lower than the reported values 
due to the presence of Li, R1 _-n X, species. It has been shown by Smith et al. 
that while the presence of lithium halides depressed the rate, the overall order 
of reaction was not affected 171. 

Less definitive data have been presented with regard to the reactions of 
lithium derivatives in hydrocarbon media. It has been established that the 
reaction path differs from that in ether solvents, giving rise to cis addition, pad 
it has been shown that the nature of the organic moiety influences the rate of 
addition to the double bond 153 _ It has been postulated previously that in 
hydrocarbon solutions of 3-butenyllithium interactions occur between the 
double bond and the lithium core without disruption of the hexameric lithium 
aggregate [S] _ This is in contrast to the suggested path for polymerization 
reactions. 

In this present study a number of physical measurements are reported on 
3-butenyllithuim which lend support to this non-dissociative mechanism and 
also infer that the unique hexameric structure found only in hydrocarbon 
solutions may be responsible, in part, for determining the stereochemistry of 
addition. 

Experimental 

Preparation of compounds 
l-Hydroxy-3-butene was obtained from Beacon Chemical Company or by 

the reaction of the Grignard of ally1 chloride with formaldehyde [9] ; b-p_ 
112.5 - 113.5” /748 mmHg [lo] _ l-Chloro-3-butene was prepared by the chlori- 
nation of the alcohol with thionyl chloride using the procedure of Roberts 
ill] ; b-o. 75.5” (lit. [lo] 73 - 75”). 1-Bromo-3-butene was prepared by the 
bromination of the alcohol with PBr s [lo] ; b-p. 96.9” (1X [lo] 97”). 3- 
Butenylmercuric chloride was prepared by reaction of the Grignard reagent 
with mercuric chloride. In a typical synthesis, 0.1’7 mol of 1-chloro-3-butene 
was added dropwise to 0.2 g-atom of magnesium turnings in 200 ml of THF. 
The rate of halide addition was regulated to maintain gentle reflux. After all 
the halide had been added, the reaction mixture was refluxed for 2 h. Then 
0.15 mol of mercuric chloride in 100 ml of THF was added and the reaction 
mixture was refluxed for 10 h. The mixture was hydrolyzed with concentrated 
ammonium chlcride solution which resulted in precipitation of 3-butenyl- 
mercuric chloride. The crude product was collected by filtration and placed in 
a Soxhlet extractor for purification. The slight solubility of 3-butenylmercuric 
halide in cyclohexane allows an effective separation from unreacted mercuric 
halide to be made. The final product, obtained in a 74% yield, was collected 
from tine filtration of the cyclohexane. The pure product appeared as fluffy 
white needles which decomposed at 130”. In a typical elemental analysis 0.685 
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mmol of 3-butenylmercuric chloride gave 0.690 mmol of chloride (as silver 
chloride) and 0.682 mmol of mercury (as mercuric sulfide). IR and NMR 
spectra confirmed the presence of the 3-butenyl skeleton, while the presence of 
r ” Hg satellites was evidence of mercury bonded to the organic moiety. Di( 3- 
butenyl)mercury was prepared by the disproportionation of 3-butenylmercuric 
chloride using sodium stannite by the method of Nesmeyanov [12]. Typically, 
0.014 mol of 3-butenylmercuric halide was dispersed in 50 ml hexane and 
100 ml water and cooled to 0” _ To this was added slowly (about 45 min) a 
mixture of 0.014 mol of SnCla -Ha0 in 40 ml of water mixed with 0.173 mol 
of NaOH dissolved in 30 ml of water at 0”. The mixture was stirred for 2 h, at 
which time free mercury was noted in the bottom of the flask. The hexane 
layer was separated and dried over CaCl, . The hexane layer was then fractiona- 
ted in a high vacuum system. The di(3-butenyl)mercu~ remained in a 0” trap. 
It is a clear, colorless liquid with an apparent vapor pressure of 10-a mmHg at 
25” and moves very slowly at this temperature at a pressure of lob6 mmHg. 
The final product was obtained in an 87% yield. The presence of the 3-butenyl 
moiety was confirmed by IR and NMR spectra. The mass spectrum at 70 eV 
shows ions at m/e 55 (butene), 214 (HgCH; ), 228 [Hg(CH,): 1, 255 
[Hg(CH,-CHa-CH=CH* )‘I, and 310 [Hg(CHs--CHs-CH=CH, ); 1. 3-But- 
enylhthium was obtained in quantitative yield by the exchange of di(3-but- 
enyl)mercury and excess lithium metal chips in cyclopentane at room tempera- 
ture. The lithium was added to a specially constructed reaction vessel in an 
oxygen and water free drybox. The vessel was then transferred to a vacuum line 
where dried, degassed solvent and di(3-but~lyl)mercury were distilled in. (Be- 
cause of the low volatility of the mercury compound, it is more efficient to 
transfer the mercury compound to the vessel in the drybos when more than 
1 ml of reactant is desired.) The vessel was then sealed off from t.he line and 
stirred with a magnetic stirrer for 18 - 24 h after which time the shiny lithium 
had bec-sme black and pitted. The reaction mixture was then filtered through a 
medium F*t into an NMR tube or storage vessel attached to the reaction vessel. 
This final solution -;S pale yellow. The NMR and mass spectra indicated the 
absence of any starting product. 3-Butenyllithium obtained in this manner is 
free of contamination by lithium halides [13,14], etherates, and mixed organo- 
lithium compounds [15 - 17]_ High vacuum techniques also minimized the 
contamination of the product by alkoxide formation [18] _ Hydrolysis cf the 
product with water gave l-butene and lithium hydroxide_ The I-butene was 
identifi~ by its IR, NMR, and mass spectrum. Also, VPC showed only one gas 
was pre&nt from the hydrolysis (after separation of the water). The lithium 
hydroxide was titrated with HCl and the number of moles of butene evolved 
was determined by the volume - pressure relation and by direct weighing of the 
gas. In a typical analysis, the lithium compound obtained from 0.35 mmol of 
di(3-butenyl)mercury gave on hydrolysis 0.71 mmol of 1-butene and 0.71 
mmol of lithium titrated as lithium hydroxide. 

The dimethyl etherate of 3-butenyllithium was prepared in two ways: (i), 
by using a mixed solvent, with dirnethyl ether as one of the components, in the 
reaction flask and proceeding in the same fashion as outlined in the synthesis of 
3-butenyllithium, or (ii), by equipping the second vessel with a break seal, and 
after the mixture had been filtered from the reaction vessel into the second 
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vessel and sealed, this vessel could in turn be attached to a vacuum line, open- 
ed, and the dimethyl ether added. Either procedure gave identical results. 

Di-n-butylmercury was prepared and purified in a manner similar to that 
used for di(3-butenyl)mercury, and was identified by its NMR and IR spectra. 

n-Butyllithium and its etherate were formed in the same manner as used 
for 3-butenyllithium and its etherate. The compound was identifed through its 
hydrolysis products and its NMR and infrared spectra. 

Spectroscopic studies 
The high resolution PMR spectra were obtained on a Varian DP - 60 IL 

NMR spectrometer. Line positions were measured by synchronizing the output 
of a Hewlett - Packard 211A square wave generator to the frequency difference 
between the locking and sweep frequency and counting multiple frequencies 
using a Hewlett - Packard 52451; counter. Chemical shifts and coupling con- 
stants for the vinyl regions of all the 3-butene derivatives with the exception of 
the chloro and tin compounds were obtained from exact analysis of the spectra 
using UEANMR [19] _ These will be reported later in more detail [20] _ 7 Li 
NMR were obtained on a Jeol - JNM - 4H - 100 spectrometer_ A proton probe 
was built which f&s inside the ’ Li probe so that the two detection coils were 
concentric. This modification allowed the internal proton lock required to 
accurately measure the small 7Li chemical shifts [21]. Proton, lithium, and 
sideband frequencies were determined with a Hewlett - Packard 52451; counter 
with a (5251A) 20 - 100 MHz frequency converter plug-in unit. 

Infrared spectra were determined on either a Perkin - Elmer 237B or 621 
spectrometer. The values obtained are good t.o F 2 cm-’ in the region of 
625 - 2000 cm-‘, and to + 4 cm-’ in the region 2000 - 4000 cm-‘. In order to 
obtain satisfactory IR spectra of the organolithium derivatives, samples were 
prepared in an argon-filled drybox in which sodium - potassium alloy was used 
as a scavenger. After the initial spectrum had been obtained the samples were 
allowed to stand open to the air for a few minutes and then redetermined in 
order to identify absorptions due to decomposition products. Dilution studies 
were also utilized to determine absorptions due to impurities_ 

The ultraviolet absorption spectra were obtained on Cary 14 and Hitachi 
model EPS - 3 recording spectrophotometers using ritrogen flushing_ Cells and 
solvent were transparent down to 180 nm. The mass spectra were determined 
with an Atlas Werk CH4 mass spectrometer with an ionizing potential of 70 eV 
and ionization current 18 PA.. 

Molecular weight de term ination 
The degree of association of 3-butenyllithium was determined from its 

molecular weight in solution by the vapor pressure lowering of cyclopentane 
solutions assuming Raoults law (Table 1). The procedure was carried out com- 
pletely under high-vacuum conditions_ The lithium compound was prepared in 
the usual way in cyclopentane and then filtered into a vessel fitted with a 
stirring bar and break seal. This vessel then was sealed and attached to a 
manometer on the high-vacuum system. The vessel was opened to the mano- 
meter (after evacuation) through the break seal, brought to 21.0”, and the 
vapor pressure determined_ Then some of the cyclopentane solvent was re- 
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moved (and weighed), the system allowed to come to equilibrium and the new 
vapor pressure recorded_ This procedure was repeated several times. Finally all 
of the cyclopentane was distilled out, combined with the previous fractions and 
weighed. The organolithium compound was then hydrolyzed and the amount 
of butene gas evolved was determined. This value was then substantiated by 
titration of the lithium hydroxide (or ethoxide) formed. The volumes of the 
molecular weight vessel and the manometer were determined and the concen- 
trations of the solutions were corrected for the amount of cyclopentane in the 
vapor phase. Molecular weights determined for standards by this method were 
within 4 - 7% of their actual values, which in light of previous work [22 - 241 
was sufficient to establish the degree of association in hydrocarbon solvent. 
The method has the disadvantage of requiring a fairly high concentration of 
solute (5% in polymer), but this was outweighed by the advantage of maintain- 
ing high-vacuum conditions at all times. 

Results and discussion 

Physical and them ical properties 
Halide-free 3-butenyllithium is a white to very pale yellow solid which 

melts at 22.4” and has a low vapor pressure as evidenced by the fact that it 
cannot be sublimed at 50” and 10m6 mmHg. Higher temperatures cause rapid 
decomposition yielding polymeric materials. It is extremely soluble in all sol- 
vents tried including TMS, ether, benzene, and cyclopentane. Above its melting 
point it appears to be miscible in all proportions with the solvents_ All solutions 
observed were light yellow in color. 3-Butenyllithium decomposes slowly at 
room temperature either as the pure material or in hydrocarbon solutions, 
while addition of ether enhances the rate of decomposition. Solutions kept at 
-80” appear to be stable for long periods of time, regardless of solvent. In the 
presence of lithium met& hydrocarbon solutions of the reagent appear to show 
little decomposition after several months at 25”. It was shown to be hexameric 
in cyclopentane solutions by vapor pressure lowering experiments. The results 
are summarized in Table 1. These results are consistent with findings for similar 
organolithium compounds [25 - 281. 

TABLE 1 

MOLECULAR WEIGHT FROhl VAPOR PRESSURE DEPRESSION hIE.4SUREhIENTS OF 3-BUTENYL- 

LITHIUhl IN CYCLOPENTANE 

hlolarity 

hlonomer HelXIler IMolecular weight Degree of association 

5.06 0.84 369 6.0 
4.10 0.68 355 5.7 
3.25 0.54 432 7.0 

2.14 0.36 377 6.1 
1.56 0.26 339 5.5 
1.34 0.22 379 6.1 

1.15 0.19 385 6.2 

1.06 0.18 432 7.0 

0.95 0.16 386 6.2 
0.77 0.13 328 5.3 
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Approximate Molecular Orbital calculations 
As noted in the Introduction, various postulates have been presented re- 

garding the nature of addition and interaction of double bonds with lithium 
alkyls. In order to provide some basis for the development of experiments to 
test these hypotheses and in an attempt to determine whether an intramole- 
cular interaction of the double bond with lithium core in this hexameric species 
stabilizes or destabilizes a particular conformation, a series of INDO calcula- 
tions 1291 were performed_ Lis (CH, )s (CHsCHsCH=CHs) was used for the 
calculation rather than the butenyllithium hexamer to simplify the calculation 
by decreasing the number of atoms and eliminating steric interactions between 
butenyl groups. 

The general description of the model and justification for its choice have 
been described previously [30]. The structure is composed of six lithium atoms 
located at the comers of a regular octahedron with Li-Li distances of 2.55 a. 
Six of the eight faces of the octahedron are occupied by carbon atoms while 
the two remaining vacant faces have been placed opposite one another. The 
single C--C bond: the C=C double bond, and the C-H bond have been assign- 
ed the values 1.54, 1.35, and 1.09 -4, respectively, as shown in Fig. la. 

Each of the methyl groups was in the lower energy pseudo-eclipsed con- 
formation, (a dihedral angle formed by the hydrogen, the carbon, and a point 
in the center of a lithium face, and by the same hydrogen, the carbon and a 
lithhm atom was zero degrees) as shown in Fig. lb. To facilitate close ap- 
proach of the empty face of the octahedron and the double bond, the hydro- 
gen on the butenyl a-carbon was in the pseudo-gauche conformation (Fig. lc). 
In this series of calculations, the only parameter varied was the dihedral angle, 
w, formed by the center of the lithium aggregate and the e-,/3- and y-carbons. 

eb LITHIU:d 

oc . A233?’ 

(a) 

Fig. 1. (a) Geometry of the model used for the INDO calculations. (b) Configuration of each of tbe methyl 
groups over its respective face. (c) Configuration of the a-carbon of the 3-butenyl group with respect to 
the aggregate face. 



0 - 

20 

cb 
I 

O0 
c . 65 . 

BUTENYLLITHIUM ROTAMERS 
Fig. 2. Change in position of the vinyl group with respect to the open face as a function of rotation about 

the a-$ carbon bond in 3-butenyIlithuim. 

Changes in o correspond to a simple rotation about the bond between the (Y- 
and S-carbon atoms. Four of these rotamers are diagrammed in Fig. 2. In each 
figure, the nodal plane of the 71 system is parallel to the paper. When o equals 
180”, the double bond is well removed from the lithium framework in that the 
minimum lithium-vinyl carbon distance is 4.09 a. If CG equals 32”, the r 
orbital points along one edge of the empty face and brings the 6-carbon only 
2.13 A from one of the lithium atoms. As o decreases to zero, the double bond 
sweeps across the empty face. Figure 3 shows the relative changes in the total 
energy of the molecule as w is varied. The most stable molecular configm-ations 
are those which permit the interaction of the vinyl system with the lithium 

framework through one of the empty faces. 
This is not to imply that the strength of interaction between the vinyl 

group and the open face is 90 kcal as indicated in Fig. 3. This would certainiy 
result in differentiation of two of the butenyl groups which is contradictory to 
our observed data. The reason for this large calculated interaction is due to the 
fact that in the model the five other groups are methyls which cause little steric 
interaction as the butenyl group sweeps over the open face. In the actual 
compound, these steric interactions would certainly cause the magnitude of the 
interaction to be reduced to a more reasonable value. 

The above information suggests that the addition mechanism of an olefin 
to an alkyllithium may also be dependent on the structural differences between 
hexamer and tetramer as well as usual effects like solvent polarity. 

Figure 4 depicts two possible mechanisms based on d.ifferences in aggrega- 
tion state. The hexamer shown in Fig. 4a can initially interact with the olefin 
via the open face. As stated, calculations indicate that this will stabilize the 
molecule. In the tetramer (Fig. 4b), however, the olefin must either interact 
initially with the lithium atoms, followed by displacement of the alkyl group 
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Angle of rotation (~1 

Fig. 3. The total energy of the molecule. calculated from INDO methods. is plotted versus the angle of 
rotation about the a--p carbon bond (w). 

by the olefin, or interact through a concerted mechanism in which there is a 
direct displacement of the alkyl group by the olefin. Each of the mechanisms 
would have different stereochemical impl5cations. The mechanism shown in 
Fig. 4a would lead to cis products, while the mechanism shown in Fig. 4b 
would lead to tram products. While it may not be valid to extend these argu- 
ments to conjugated dienes, the mechanisms postulated to suggest that the 

R&;_FRsR g$$.;.R_ R@ (=) 

R 

(1) ( Ih) (Irn) (III) (IV) 

@) 

Fik 4. (a) Proposed mechanism for the addition of c&fin to a hexameric lithium species in non-Polar 
solvent. (b) Proposed mech - for the addition of olefins to tetrameric species in Polar solvents. 
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differences in mode of addition with changing solvent polarity may also be due, 
in part, to concurrent structural changes in the lithium aggregate. 

Spectroscopic studies 
The ’ Li chemical shift (6) of butenyllithium was found to be concentra- 

tion dependent above 1 M. Below this concentration a constant value of 6 
-1.44 ppm was obtained which should be compared with S values of -1.52 and 
-1.53 ppm for ethyl- and n-butyllithiums, respectively. Neither of the latter 
compounds shows a concentration dependence for the ’ Li resonance in cyclo- 
pentane when measured relative to an internal proton lock [21]. In ether, the 
’ Li chemical shift of 3-butenyllithium was -0.74 ppm while the chemical shifts 
of ethyl- and n-butyllithium were -0.77 and -0.74 ppm, respectively. 

Within a particular solvent system, it has been observed that the principle 
factor in determining differences in chemical shifts between two alkyllithiums 
is the substituent anisotropy term [21]. In this respect, the 3-butenyl and 
n-butyl substituents’ anisotropy terms should be similar and, as predicted, the 
7Li chemical shifts of the n-butyl- and 3-butenyllithium are identical in diethyl 
ether. In cyclopentane, however, the 3-butenyl derivative is shifted 0.1 ppm 
upfield. This upfield shift is attributed to the interaction of the unsaturated 
portion of the alkenyl group with the lithium core causing a deshielding of the 
lithium nucleus. This is not observed in diethyl ether, however, because the 
ether is a more effective base than the double bond and thus prevents the 
interaction from occurring. 

In additional studies 1 H NMR was used to examine a variety of 3-butenyl 
derivatives. The data are collected in Table 2. The ‘H chemical shifts, as a 
function of concentration in cyclopentane solvent (Table 3), show no effect 
over a 17-fold change in concentration. The more dilute samples were also 
studied as a function of temperature between -40 and 50” and again showed 
no variation either in chemical shift or in linewidth. The interpretation of data 
of this type is complicated by solvent, magnetic anisotropy, and other effects. 
It has been shown, however, that by use of the internal chemical shifts in the 
ethyl halides these effects can be minimized and a reasonable correlation of the 
chemical shift with the electronegativity of the substituent can be obtained 
[23,31]. This approach has been extended to the study of addition compounds 
where correlation between the internal chemical shift and the heat of forma- 
tion has been observed [24J. ’ 

Using these data, Fig. 5 was constructed in which the internal chemical 

TABLE 3 

CHEMICAL SHIFTS OF 3-BUTENYLLITHIUM IN CYCLOPENTANE AT VARIOUS CdNCENTRA- 

TIONS 

2.19 -5.08 -4.91 -6.05 -2.50 +0x4 
1.97 -5.08 -4.89 -6.05 -2.50 +0.85 
1.96 -5.07 -4.92 -6.04 -2.51 +0.84 
1.06 -5.08 -4.89 -6.06 -2.49 10.85 

0.50 -5.07 -4.91 -6.04 -2.50 +0.85 
0.13 -5.07 -4.92 -6.04 -2-51 +0.85 

OThe proton demtions are as follows: I- zlC=&&&Li and are relative t+ internal TMS. 

4 5 
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2 3 4 5 

‘c=c-c-c-x 
I’ 4 5 

-1.00 0.00 1.00 2.00 3.00 4.00 5.00 

4 - 5 CHEMICAL SHIFT (PPM) 

Fig. 5. A least-squares fit (correlation coeff = -0.98938) of the internal chemical shifts of a series of 
hutenyl derivatives versus electronegativity. Spectra were obtained in (a) diethyl ether. (b) cyclopentane 

and (c) carbon tetracbloride. 

305.00 303.00 301.00 299.00 297.00 2%. 00 293.00 2a,.oo 

‘I’ -PROTON CHEMICAL SHIFT (HZ) 

Fig_ 6. A leastsquares fit <correlation coeff = +0.82460) of the chemical shift of the “1” proton versus 

electronegativity for a series of butenyl derivatives. Spectra were obtained in (a) diethyl ether, (b) 
cyclopentane and (c) carbon tetracbloride. 
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'2' PROTOX CHEMICAL SHIFT (HZ, 

Fig. 7. A least-squares fit (correlation coeff = 0.85013) of the chemical shift of the “2” proton versus 
electronegativity for a series of butenyl derivatives. Spectra were obtained in (a) diethyl ether, (b) 
cyclopentane and (c) carbon tetrachloride. 

shift (6 s - 6 4 ) is plotted versus Pauling electronegativity of the substituent. 
The line was determined using a least-squares fit and had a correlation coeffi- 
cient of --0.989. Examination of Fig. 5 reveals that butenyllithium in hydro- 
carbon falls off an otherwise linear plot and that the deviation is to higher field. 
A deviation in this direction can be rationalized by examination of the metal- 
carbon dipole: Ms+--C-C-C=C6 -. 

The ’ Li chemical shift indicated an upfield shift on complexing with the 
double bond. This indicates the lithium ion is becoming more positive*; thus an 
increased negative charge should also reside on the adjacent 5 carbon. This 
increased shielding would cause the upfield deviation observed. The proton 
region of the double bond was also examined and the results are shown in Figs. 
6 and 7. In both the 1 and 2 protons, the 3-butenyllithium derivative deviates 
significantly from the straight line in cyclopentane solvent. This perturbation 
of the double bond region is taken as additional evidence of interaction be- 
tween the double bond and the lithium core. Figures 5, 6 and ‘7 also indicate 
that when the solvent is changed to diethyl ether the values of the chemical 
shifts of the 5 - 4, 1 and 2 protons return to “normal” values. Again, this is the 
result of adding a stronger Lewis base, ether, to disrupt the metal-olefin 
interaction. 

A more detailed study of the effects of varying ether concentrations on 
3-butenyllithium chemical shifts ;vas made and the results are shown in Table 
4. The largest effect on the chemical shifts is obtained when the dimethyl 
ether/3_butenyllithium ratio is 2/3. The observed shifts of the 1 and 2 protons 
are -4.81, -4.61 ppm, respectively. These values are in much closer agreement 
with those predicted from Figs. 6 and 7. The 5 proton resonance is shifted 
upfield by 0.13 ppm in these samples while the ether resonance decreases from 

* Alkyllithiums have chemical shifts in the range -0.8 to -1.5 ppm when 70 5 aqueous LiBr is taken 
to be 0 ppm and lithium metallate derivatives show chemical shifts up to 1-3.0 ppm. 
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TABLE 4 

CHEMICAL SHIFTS FOR DIMETHYL ETHER AND 3-BVTENYLLITHIUM WITH DIFFERENT 
ETHER/LITHIUM RATIOS 

0(CH3)2/LiRa O(CH&PWI)~ 6 I(PP~) 62(ppm) &3(PPm) 64(PPW 6 j (ppm) 

-3.19 
0.38 -3.34 -4.89 -4.70 -5.99 -2.30 i-o.93 
0.40 -3.34 -4.89 -4.68 -5.96 -2.25 CO.Si 

0.65 -3.33 -4.81 -4.61 -5.93 -2.18 +0.99 
0.67 -3.32 -4.81 -4.61 -5.94 -2.18 +0.98 
2.85 -3.25 -4.78 -4.55 -5.92 -2.16 i0.98 

OAll samples were in cyciopentane solvent. bAll chemical shift values are relative to TMS. 

-3.19 ppm for pure dimethyl ether to -3.34 ppm for samples with an ether to 
lithium ratio of less than 2/3. For samples with ether/lithium ratios greater 
than this, the ether resonance moves upfield toward that for the pure dimethyl 
ether sample. In all cases, only a single set of resonance lines are observed for 
these protons and for the 3-butenyl group. 

This behavior is in full accord with the known behavior of simple hesa- 
merit organolithium compounds which have been shown to undergo dissocia- 
tion to tetrameric units which are complesed by from 2 to 4 moles of ether per 
aggregate [3,32 - 341. It has also been noted that the complexed ether is in 
rapid equilibrium with excess ether present in the system as observed_ 

Additional support for these arguments comes from an examination of 
Ja 5 and a comparison of the coupling constant in 3-butenyllithium, 3-butenyl- 
lithium etherate and n-butyllithium. In hydrocarbon solvent, the coupling con- 
stant in ethyllithium is 8.4 Hz [27] and for n-butyllithium the same coupling 
constant is 5.14 Hz (Table 2). 3-Butenyllithium exhibits a coupling constant of 
7.58 Hz, for these same two protons (5 and 4). Addition of ether changes these 
values to 8.9 Hz for the ethyl- and n-butyllithium and to S.96 Hz for the 
3-butenyllithium compounds respectively_ The change in coupling constant for 
the latter compound is at least twice as great as that observed in either of the 
others. If one can interpret the difference here as being due to an averaging of 
conformers, then the ether adduct of 3-butenyllithium provides more con- 

TABLE 5 

THE ULTRAVIOLET ABSORPTION SPECTRA OF SOME SELECTED BUTENYL DERIVATIVES 

Compound Solvent Masima(nm) 

Cd% 
C4H7Br 
C4H,Br 
C4H7CI 
C4H,Cl 

C4H,OH 

C4H70H 

(C4H7)zHg 

(C4H7)2Hg 

(C4H7Lik, 
(C4H7L& 

vapor 18ia 

ISOp~~tXll? 187 
Vapor 18i 
ISOpl?ntaIle 192 

vapor 188 
1sopentane 194 

Vapor 188 
xsopentane 187. 210 (br) 

vapor 208. 210. 213.216 

HeXaIl.? 194. 215,235. 260 

Isopentane 208. 212.218, 225. 251 

aSamson et al. observed the absorption maxima at 176 nm with a shoulder at 18i - 180 nm at 0.2 mmHg 

pressure [371_ High pressure samples show a maximum at 18i nm. 
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l (Lil 

1.00 ‘._ 00 3.00 4.00 

ELECTRONEGATI’.? TY 

Fig. 8. A plot of the Amax of the TT - n* transition in a series of butenyl derivatives versus electro- 

negativety. All samples were run in isopentane. 

formers similar to the ethyl- and n-butyllithium compounds. This would also be 
consistent with a tying down (through adduct formation) of the vinyl region 
with the lithium moiety which is then “freed” by the stronger base, ether. 

The UV studies also showed a perturbation of the double bond in 3-but- 
enyllithium. The n + n* transitions for several butenyl derivatives are &llected 
in Table 5. If these data are plotted against electronegativity, as shown in 
Fig. 8, then it is observed that as the electronegativity of the substituent in- 
creases, the energy of the X+X* transition decreases. While this relationship is not 
linear enough to predict an exact value for the 7r+r* transition in 3-but- 
enyllithium, it does allow us to predict that based on an electronegativity value 
of 1 on the Pauling scale for the lithium aggregate that the ‘IT + x* transition 
should occur at higher energy than any of the other butenyl derivatives in this 
study. The opposite, however, is observed with a transition in the range 
200 - 230 nm, lower in energy than any of the other butenyl derivatives 
studied. The assignment of n + n* transition is complicated in the lithium 
derivative because it has been shown that the lithium framework transition also 
occurs in this region [30] whfch caused broad bands with a number of inflec- 
tions (see Fig. 9). Upon hydrolysis, gross changes took place in the 200 - 230 
nm region and a new peak (at 185) corresponding to the 1-butene appeared. A 
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Fig. 9. The UV spectrum of (1) butyl and (2) 3-butenyllithium in isoPentana. 

similar observation was made by Lyle et al. [35] who postulated similar inter- 
actions -+13-butenylboron. 

IR data for a series of butenyl derivatives are collected in Table 6. Exami- 
nation of this Table shows that the double bond stretching frequency is shifted 
to lower energy (1620 cm- ’ ) in the lithium derivative and also the vinyl C-H 
stretch at 3035 cm-‘, again is shifted to lower energy. If our earlier postulates 
about the nature of the double bond-lithium interaction are correct, then only 
two of the six alkenyl groups may be complexed at one time. Only one band 
attributable to the double bond stretch is observed, however, in S-butenyl- 
lithium and this band demonstrates only a slight upfield shift (6 cm-’ ) upon 
the addition of diethyl ether. These data leads us to conclude that lithium: 
doub!e bond interaction is very weak, perhaps, of a dipole-dipole nature. This 
type of interaction would still be consistent with the results. Perturbation of 
the K cloud of the double bond would cause substantial modification of the 
NMR and UV spectra but would have little effect on the IR spectrum because 
the bulk of the force constant for the double bond stretch lies in the u bond. 
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